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Rhino plastic siren cover Mini PIR alarm/chime 


Made from high-density UV-proof 
polypropylene. Tamper switch (L 5286) can 
be added if required. Includes 5 year 
guarantee. 


2-sector alarm module 
Great for small residences, boats and 
mobile homes. With two independent 
N.C.(Normally Closed) protection loops, 
instant and delayed. Power supply needed 
12-16V DC. Size: 38 x 133 x 114mm. 


| =- GREAT VALUE. 


2-zone alarm system 
Ideal for flats, houses or caravans. Easy 
installation with two zones of detection, 
backlit keypad, selectable entry/exit delays 
and adjustable siren duration. Includes | 
year warranty. 


~ $149 


Easyfit PIR detector 

For use as an additional PIR detector for the 
2-zone Micromark alarm system (L-5180). 
NOTE: Only one additional PIR detector can 
be added to this system. 
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Pocket-sized sensor alarm providing reliable 
detection, safety, security and convenience. 
With 60° detection arc, auto stop after 30 
seconds and ‘ding dong’ entry chime. 


5” 4-channel observation system 

With 4 channels, ideal for monitoring your home or small business, 
Easily connected to aVCR, includes monitor, 

‘one camera and a 20m cable. 


— $499 


10” 4-channel observation system 
Great for recording your shop or premises, with a 2-way audio 
system between the camera 

and monitor plus easy VCR 
connection. Includes monitor, 
camera and 20m cable. 


— $649 
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12” 4-channel observation system 

Four camera pictures appear on-screen within this 12" picture 
tube. Auto-scanning and 2-way audio functions, One black and 
white 1/3" CCD image sensor camera,monitor and 20m cable 
included. 
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PUBLISHER'S LETTER 


Millennium bug could 
lead to huge legal bills 


The saga of the Millennium bug, otherwise 
known as the Y2K phenomenon, continues to 
develop. For those that have not been awake 
for the last two years, the Millennium bug 
refers to the problem of computer code which 
describes the year by the last two digits, as in 
“98” for 1998. When 2000 arrives, computer 
code that still uses this practice will be un- 
able to distinguish between 1900 and 2000 
and so the computer will inevitably crash, planes will fall out of the sky, 
electricity distribution will stop and so on, At least, that’s what the pundits 
are forecasting. 

At the present time, there is vast rewriting of old programs in government 
and large organisations like banks and insurance companies. Small busi- 
ness organisations, on the other hand, seem to be taking a “She'll be right” 
attitude. Well, they have had plenty of warning to check all their systems 
and make sure that everything works when the year clicks over at the end of 
1999. Even at SILICON CHIP we have had to bite the bullet and update our 
accounting software which was not Year-2000 compatible. 


All manufacturing and importing businesses should also ensure that their 
suppliers won't be affected by the bug but that could be a tall order where 
the supplier is overseas. 


Apparently though, this same Y2K bug can be a problem in equipment 
which has embedded microprocessors, This applies to all sorts of equip- 
ment ranging from medical equipment in hospitals, security and fire protec- 
tion equipment, manufacturing equipment and even things like chart re- 
corders and some printers. In some situations, this could be really crucial to 
the functioning of the organisation and could cost a huge amount to rectify 
if discovered at the last moment. 


Mind you, it beats me how equipment (and software) with this defect was 
sold in the first place. Any company or organisation buying plant and 
equipment expects it to function for many years without any need for major 
modifications. If it falls over in the year 2000 it occurs to me that many 
companies supplying this equipment could be liable to very expensive legal 
action. After all, all goods sold in Australia are supposed to be of 
“merchantable quality” which is legalese for having no significant defects. 
Something that will fail to operate at the end of 1999 clearly does have a 
defect. Lawyers will have a field day. 

So if your company or organisation hasn't checked out its equipment with 
“embedded microprocessors”, then you had better get them on the job. Even 
company directors are in the firing line on this one. If you are a director and 
your company suffers big losses because of a problem with the Y2K bug in 
its equipment, you will be liable to be sued by shareholders. 

And if you are a supplier of this “defective” equipment, heaven help you. 
There is any number of legal statutes that lawyers will be able to use - 
contract law, the Trade Practices Act, negligence - you name it. At the very 
least, you need to inform all your customers, past and present, that the 
product they purchased from you or your company will fail to operate after 
31st December, 1999. 


Leo Simpson 
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MlicroGram Com 


meee Network Starter Kit 

This kit comes with all the 
hardware components 
required to build a 100Mbps 
network for two PC's as well 
as a comprehensive 


we 


installation manual. All 
software is part of Win 95/98/NT. The 100Mbps 
Network Starter Kit provides the most cost-effective 
Solution for users who desire fast throughput at the 
Cost of traditional 10Mbps. The kit includes one 4 port 
100Mbps Fast Ethernet hub, two 10/100Mbps PCI 
Fast Ethernet adapters, two 5 metre Cat. 5 network 
cables and software drivers for the adapters. 
Cat, 11900 100Mbps Network Starter Kit $339 
Intemet Access Server 
Internet for everyone! Give all sta- 
tions on your network simultaneous 
access to the Internet through this 
access server. Hardware based firewall ensures your 
security, while dial on demand minimizes your connect 
time, It has a built-in DHCP server & includes software 
to provide clients with their own email address. This 
pocket-sized Internet-Sharing device provides one 
communication port (DB25) for Internet access and 
one RJ-45 port for connection to your 10Base-T 
Ethernet network. Supports easy Internet connection 
to your Internet Service Provider via modem or ISDN. 
Cat, 10100 Internet Access Server $499 
10/100Mbps 3 Parallel Port Print Server 
Up to three printers can be connected simultaneously 
with this three parallel port 
10/100Mbps print server. 
Designed with auto-sens- 
ing dual-speed capability it 
auto detects the speed of 
the network, i.e. 10Mbps or 100Mbps. Built-in TCP/IP 
and IPX protocol support for Windows 95, Windows 
NT, NetWare and UNIX is provided along with built-in 
web management capability and flash memory. DHCP. 
Server support automatically assigns IP address. 


Cal. 1283 10/100Mbps 3 Parallel Port Print Server $519 
Cat. 11288 10Mbps 1 Parallel Port Print Sewer $289 
10/100Mbps Ethernet Cards 


Auto sensing either 10Mbs or 100Mbs operation, this 
PnP PCI Ethernet card uses the Bus Master architec- 
ture to maximise throughput. 


Cat. 11282 Ethernet Card PCI UTP/STP 10/100Mbps. = 

Cat. 11271 Ethernet Card PCI BNC UTP/STP 

Cat 11272 Ethernet Card ISA BNC/UTP PnP Jmp = 
100Mbps Ethemet 5 Port Hub Card 


Come and visit our online catalogue & shop at www.mgram.com.au 


Phone: (02) 4389 8444 


Weicome 


FreeFax 1 800 625 777 


sales@mgram.com.au 
Dealer Enquiries Australia-Wide Express Courier (To 3kg) $10 


We welcome Bankcard Mastercard VISA Amex 
Unit 1, 14 Bon Mace Close, Berkeley Vale NSW 2261 


E Windows 6, FrontPage, G++, HTML Internet 
Explorer, Windows NT and more! 


TENE 


EA courses are “Microsoft. 
Certified | 


*Full details at www.tol.com.au 


into a slot, it only connects to 
the power supply. No sepa- 
rate case & power supply 
means reduced costs, plus 
everything is kept neat & tidy 


inside the computer. 
Cat. 11294 Ethemet Hub Card 5 Port UTP 100Mbps $259 
Cat 11287 Ethemet Hub Card 5 Port UTP 10Mbps $99 


10Mbps Ethemet 5 Port Hub & LAN Card 
Internal PCI Plug & Play 5 Port hub and LAN card does 
not require external power supply and is a cost effec- 
tive solution for SOHO users. One port can be used as- 
an uplink port for easy expansion, or used for hub con- 
nectivity at the server. 

Cat 11295 Ethemet Hub & LAN Card 5 Port UTP 10Mb $109 
Serial Cards 

We have a large range of serial cards providing either 
1, 2,4 or 8 ports. Our most popular and versatile sin- 
gle, dual & four port cards feature high speed 16550 
UARTS, COM 1 to 8 and IRQ 3 to 15. 


Cat. No;2297 4 Port RS232 16550 COM1-8, IRQ -15 
Gat. No, 2239 2 Port RS232 16550 COM 1-8 IRQ 3-15 


$80 
$99, 


Cat. No. 2326 4 Port RS232 16550 COM 1-8IRQ3-15 $295. 


The dual port card is now available with 16650 UART 
Chips with 32 byte FIFO buffers. 

Cat, No. 2333 ‘Two Port 16650 Serial Card 
Plug & Play PCI models also available. 


Hard Disk Drive Duplicators 

‘These hard disk drive duplicators offer a low cost, high 

performance solution whether you 

want high-volume 1 master to 8 

drive copying or quick, low vol- 

ume, 1 master to 2 drive copying. 

Features include: 

+ FAT32 compatible 

+ Track by track, file by file, whole or partial drive 
copying 

* Accepts different geometry drives including 2.5" and 
3.5" drives 

* Copy Win 95 / 98 operating systems in minutes 

Cat. No. 6426 Hard Drive Duplicator Two Drives $2809 

Cat. No. 6427 Hard Drive Duplicator Eight Drives $6499 

Year 2000 BIOS Card 


ll 


ference software. 


info@mgram.com.au 


Even Pentium motherboards are not immune to the 
‘Year 2000 bug! The Year 2000 
BIOS Card solves the problem of 
‘Progression from 1999 to 2000 as 
well as 21st century leap years. Itis 
an 8-bit card which provides year 2000 support for 
motherboards with a BIOS which only stores the year 


with two digits. i.e. 97 instead of 1997, 
Cat. 3359 Year 2000 BIOS Card $129 
Video Conferencing Kit 


A high performance PCI full-motion video/still image 
capture solution for video confer- 
encing on the net! The kit 
includes video capture card, CCD 


Ideal for 
applications such as ' Video Mail, Video Conferencing 
or Full-Motion Video Capture to AVI file format, 
Cat. No:3956 Video Conferencing Kit 


Watch-Dog Timer 
By adding a timing reset instruction to the outer loop of 
your program, this card will apply a 


| hardware reset to the computer in the 
‘event of a lock up. Utility software 
‘es for DOS, Windows 3.1, Win 


E pa NT, moe & UNIX. 


$139 
$349 


$299 


Cat, Noj17084 
Cat. No. 17050 Pn) Timer Ter Ca Card 
Omni-Directional Laser Scanner 
An affordable, vertically mounted, Omni-Directional 
laser scanner, which is ideally suited 

to reading bar coded products at 

‘supermarket checkouts. 

Performance is higher than the 

“Name Brands” with a 24 scan fine ` 

pattern (competitors’ products are 

20) & 2,400 scans/sec (competitors: 2000 scans/sec). 
The depth of field is 300mm & it is available in either 
KB wedge or serial models, 

Cat. No. 8521 Bar Code Laser Omni-Direct. KB Wedge $2119 
Cat. No. 8573 Bar Code Laser Omni-Direct. Serial $2119 


E&OE All prices include sales tax MICROGRAM 1098 
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Extending the life 
of old machines 
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199MHz 5x86 CPU UPGRADE For 456 Systems 


SPU ypgrasjes 
& overclocking 


Do current applications and games run like 
a slug on your PC? If you can’t afford a new 
machine, consider upgrading the processor 
and adding some more RAM to boost its 


performance. 


By BOB DYBALL 


If you find that the old grey mare, er 
PC, is not what she used to be, then 
maybe it’s time to give it a brain trans- 
plant. Although many people don’t 
realise it, it’s quite easy to upgrade the 
CPU on most PCs, either to a newer, 
faster version or by installing an over- 
drive chip. It’s also sometimes possi- 
ble to sneak some performance gains 
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by “overclocking” (ie, running the chip 
faster than its specified rating). 

To use a car analogy, a new CPU is 
akin to fitting a bigger engine, while 
adding an overdrive chip is akin to 
strapping on a turbocharger. Over- 
clocking is analogous to revving a car 
engine beyond the redline to extract 
that extra ounce of performance. 


And here a word of caution. A CPU 
transplant alone won’t turn your old 
486 into a speed demon. Indeed, the 
performance boost will probably be 
far less dramatic than you might ex- 
pect. That's because older machines 
come with all sorts of speed bottle- 
necks, including slow hard disc drives, 
slow graphics cards and slow support 
chips on the motherboard. 

Itall depends what you are doing. If 
you are running processor-intensive 
applications, then it may be worth- 
while spending a couple of hundred 
dollars to keep your current system 
going a bit longer. 


PC/XT - 8088 
Ifyou're still running a PC/XT based 
on the 8088 processor, then it really is 


time to get a new machine. This type 
of machine is really only suitable for 
running a few basic DOS applications 
(eg, a DOS-based word processor). 

The original IBM PC circa 1981 was 
built around an Intel 8088 CPU run- 
ning a clock speed of 4.77MHz. The 
later model IBM PG/XT retained the 
8088 CPU, though this ran at 8MHz. 
Although the 8088 is a 16-bit CPU, it 
only has 8-bit “data paths”. By con- 
trast, the Intel 8086, on which the 
8088 was based, had full 16-bit data 
paths and was used in some later com- 
peting clones with a 30-35% speed 
improvement, for the same clock 
speed. 

After the success of the 8088, some 
companies tried to introduce compat- 
ible CPUs, such as NEC with their 
V20. In most cases, including the NEC 
V20, these were not actually clones 
but “work-alikes”. Engineers in “clean 
rooms” designed CPUs to do the same 
job as the 8088 but never having seen 
the original, were able to say that the 
CPU was their own work and not the 
result of direct copying. 

The V20 was a more efficient chip 
than the 8088. Indeed, a V20-based 
system typically outperformed an Intel 
8088-based system by 10-30% at the 
same clock speed. Its performance 
reign was brief, however. Intel soon 
countered with the 80286 and the age 
of the IBM PC/AT had begun. 

Upgrade Possibilities: this comes 
under the “why would you bother?” 
category. Theoretically, it’s possible 
to substitute a V20 for an 8088 but 
obtaining a V20 chip could prove dif- 
ficult. There's not much else you can 
do apart from adding an 8087 maths 
co-processor (more on these later) but 
you would really be better off buying 
a secondhand 386 or 486. 


The PC/AT - 80286 


Intel’s 80286 was the basis of the 
IBM PC/AT and the first “AT” 
compatibles. This chip was eventu- 
ally replaced by the 80386 and com- 
panies like AMD soon released com- 
peting CPUs to sell against Intel's 
80386SX and 80386DX chips. The 
80386SX was a cheaper, smaller ver- 
sion of the 80386DxX. It ran the same 
software as the DX chip but was able 
to use the cheaper 80286 support 
chips. 

Upgrade Possibilities: there’s not 
too much you can do here, apart from 
playing with the clock speed. Again, 


This photo shows a typical 486 “multi-media” machine from the mid 1990s. 
Such machines are now struggling to cope with the demands of modern 
operating systems and software but the correct hardware upgrades can extend 
their useful life in some cases. 


it’s really not worth playing with an 
old 286 machine. 


80386SX & 80386DX 


The standard assembler instructions 
(opcodes, or low level internal pro- 
gramming code) in the 8086, 80286 
and 80386 CPUs only included inte- 
ger maths. This meant that the proces- 
sors had to do trigonometric, scien- 
tific notation and floating point cal- 
culations (and even very long integer 
mathematics) the hard way, using lots 
of additions, bit shifts and so on. 

Early in the piece, however, Intel 
had designed an 8087 chip, called a 
Numeric Co-processor (or “Co-Pro” 
for short), to do these calculations. An 
expensive optional extra, it was nor- 
mally purchased only by those who 
had lots of money or a boss who 
wanted budget spreadsheets com- 
pleted in a day instead of taking a 
week! 

The later 80286 also had it’s own 
optional Co-Pro, the 80287. Similarly, 
the 80386SX had the optional 
80387SX, while the 80386DX needed 
the optional 80387DX chip. This is 
where the 80486DX was such an im- 
provement - it included the CPU and 
the Co-Pro (or Floating Point Unit) all 
in one chip. 

Intel stopped at the 80386DX/33 
when it released its 80486DX. Not so 
AMD, who proceeded to release an 
80386DX/40 CPU. This device was 
cheap compared with the Intel’s new 


80486DX/25 and although not quite 
on par with it maths wise, became a 
popular chip. 

Upgrade Possibilities: the AMD 
386DX40 is a logical choice here, 
though often soldered onto the mother- 
board. See if you can salvage one from 
an old motherboard, as many people 
have long since moved away from the 
386. Don't forget to set the jumpers on 
the motherboard for the new clock 
speed, 

By the way, you can make a very 
cheap and effective print server out of 
a 386DX40 machine with 4Mb of RAM, 
an old 100Mb hard disk and a cheap 
network card. By running Windows 
for Workgroups 3.11, you can network 
it toa modern machine running Win- 
dows 95/98 or Windows NT. 


80486SX & 80486DX 

Originally released with a 25MHz 
clock, the Intel 80486DX/25 had quite 
a performance edge over the 80386DX/ 
33. Initially, the new chip was quite 
expensive and to counter AMD, the 
company also released the much 
cheaper 80486SX. This was essentially 
an 80486DX without the FPU. 

Many motherboards at this time 
came with an extra socket adjacent to 
the processor and this was intended 
for an 80487DX co-processor (to go 
with the 80486SX). 

Further development saw the re- 
lease of the 80486DX/33, then the lit- 
tle known 80486DX/50 and the range 
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Don’t expect an upgrade processor to 
transform your old 486 clunker. As ex- 
plained in the main article, there are just 
too many speed restraints and bottle- 
necks in a 486 for that to happen. In- 
deed, depending on the machine you 
already have, the performance increase 
may only be marginal at best. 

So is an upgrade processor worth the 
bother? Well, that depends on the speci- 
fications of your current system and the 
applications you wish to run. If you're 
starting out with an SX or DX machine 
running at 25MHz or 33MHz, an up- 
grade processor could be well worth- 
while. Owners of SX machines will de- 
rive the most benefit because the up- 
grade processors have an integrated 
floating point unit. This should provide a 
worthwhile performance boost when 
processing complex mathematical func- 
tions (eg, for spreadsheets and CAD 
programs). 

On the other hand, if you already 
have a clock-doubled processor, such 
as a DX2/50 or a DX2/66, the results will 
probably be disappointing. The CPU will 
certainly run much faster but the overall 
system performance will not change 
much. In fact, if you're currently running 
a486DX/4 processor, you probably won't 
notice the changes. 

A new processor by itself is not the 
end of the story, either. Adding extra 
RAM can provide some significant per- 
formance increases and this should al- 
ways be looked at before (and if) you 


of 80486DX2 chips. About this time, 
Intel also gave up its battle to stop 
other companies from using its num- 
bering system to identify CPUs, regis- 
tering “i486” as a trademark (pure 
numbers like 80486 couldn’t be regis- 
tered). They also later resorted to 
words like “Pentium”, instead of fol- 
lowing their previous pattern and re- 
leasing their next generation chip as 
an 80586. However, that didn’t stop 
other companies from releasing 5- 
something and even 6-something 
chips (eg, AMD K5 and Cyrix/IBM 
6x86). 

There were relatively few 80486DX/ 
50 chips made and this was due 
mainly to the external speed con- 
straints that existed at that time. The 
popular and efficient VESA Local Bus 
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Upgrade Processors For Your 486 Machine 


upgrade the processor. How much RAM 
should you have? If you want to run 
Windows 95/98, 16Mb is the recom- 
mended minimum but this should be 
increased to 24Mb or more if you fre- 
quently have several applications open 
at the same time. 


The HypeRace 586 

One readily-available processor up- 
grade is the HyperRace 586 from 
Hypertec. This unit is based on AMD's 
5x86 chip and includes on-board volt- 
age regulators and an integrated heat- 


The HyperRace 586 from Hypertec is 
based on the AMD 5x86 chip and 
can be directly substituted for a 

486 processor, An on-board clock 
multiplier ensures that the CPU runs 
at either 133MHz or 100MHz. 


(VLB) worked well at 25MHz or 
33MHz and was compatible with ex- 
isting expansion cards. However, run- 
ning a 40MHz or 50MHz bus placed 
extra demands on expansion cards 
and motherboards and this was re- 
flected in the prices paid by consum- 
ers. 

By contrast, the 80486DX2/50 CPU 
ran internally at 5|0MHz while being 
clocked at only 25MHz. Similarly, the 
80486DX2/66 ran internally at 66MHz 
from an external 33MHz clock. Oddly 
enough, the 80486DX4/100 was not 
really a 4/100 chip but rather a tripled 
33MHz chip. In reality, it was an 
80486DX3/99 but marketing tri- 
umphed over logic 

Upgrade Possibilities: if you have 
an older ISA bus 486 system, try to 


By Greg Swain 
sink and fan to keep things cool. It sim- 
ply replaces your old 486SX, DX, SX/2 
or DX/2 processor or it can be plugged 
into the OverDrive socket, if one is avail- 
able. And that’s it — there’s no software 
to install. 

An on-board clock multiplier is used 
to either triple or quadruple the proces- 
sor speed. This multiplier ratio is set 
(using a jumper) during the installation, 
according to the system bus speed. For 
example, if the bus speed is 33MHz, the 
multiplier is set to x4 (the default) and so 
the clock speed of the new processor is 
133MHz. 

Similarly, if the bus speed is 25MHz, 
the HyperRace runs at 100Mkz. If the 
bus speed is 40MHz (for a 486DX/40), 
the multiplier must be set to x3 and the 
processor runs at 120MHz. Note that 
motherboards running a 50MHz bus (for 
the 486DX/50) are not supported. 

The upgrade is easy to install, par- 
ticularly if your current processor is in a 
ZIF (zero insertion force) socket. It's sim- 
ply a matter of lifting the lever, removing 
the old processor and installing the 
HyperRace 586 in its place. All you have 
to do is make sure that pin 1 of the 
processor goes to pin 1 of the socket. A 
detailed manual steps the user through 
the entire process and there's even a 
troubleshooting process to refer to if you 
have problems, 

We installed the unit in a 486DX2/66 
machine with 24Mb of RAM and running 
Windows 95. The machine booted 


scrounge a VESA local bus mother- 
board from a junked machine, as the 
improvement will be dramatic. An 
ISA bus runs at 8MHz, whereas a VESA 
bus will run at 25MHz or 33MHz, 
depending on the CPU speed. 

As far as the CPU is concerned, 
there are upgrade or “overdrive” chips 
available from a number of sources, 
The original Intel overdrive chips will 
probably now be difficult to obtain 
but Kingston and Hypertec both have 
overdrive chips available that will al- 
low your older 486 to run more like a 
Pentium —at least as far as the proces- 
sor is concerned. Having said that, it’s 
important to remember that the over- 
all speed can still be severely ham- 
pered by other slow components in 
the system. 


Compatibility 

Not all machines are compatible 
with upgrade processors. Some 
early model 486 computers do not 
support clock quadrupling due to 
limitations imposed by their system 
BIOS. Apparently, this type of BIOS 
uses CPU-dependent timing loops 
and if you quadruple the clock 
speed, there may not be enough 
time for the system to complete 
instructions. 

This problem can sometimes be 
resolved by upgrading the system 
BIOS but if you have an old compu- 
ter, tracking down someone to do 
the job could prove difficult. 


Straight up without any problems and all 
applications worked normally. We then 
checked the performance using the di- 
agnostic utility (etdiag.exe) supplied on 
a floppy disc with the unit. This utility 
calculates Dhrystones and gave a score 
of 32,759 before the upgrade and 48,597 
after — an increase of 48%. We also ran 
the Landmark speed tests, recording 
scores of 225/563MHz before the up- 
grade and 449/1089MHz after substitut- 
ing the HyperRace 586. 

Despite the increased processing 
power, the machine subjectively felt 
much the same as before - no doubt 
because we were upgrading from a DX2/ 
66 and because of other bottlenecks, as 
previously mentioned. Users upgrading 


Another alternative, if you have a 
standard AT case, is to pick up an old 
Pentium motherboard. If your RAM 
currently consists of 30-pin SIMMs, 
you'll need to get some 72-pin mod- 
ules but these are currently pretty rea- 
sonably priced. You'll probably also 
want a PCI VGA card — an ISA VGA 
card will make your Pentium run very 
slowly, while a VESA VGA card won't 
fit into a Pentium motherboard. 


Pentium CPUs 


Intel's successor to the 80486, the 
Pentium, is available in a range of 
speed ratings and has picked up a 
number of competitors along the way. 
Companies such as IBM, Cyrix, 
Nexgen, AMD and, more recently, 
Centaur, have all been working at cap- 


from 25MHz or 33MHz machines (par- 
ticularly SX models) will probably get 
much more noticeable speed improve- 
ments — particularly when recalculating 
alarge spreadsheet or carrying out some 
other processor intensive task. 

The HyperRace 586 costs around 
$199 and is available from Harvey Nor- 
man stores and other retailers. Log onto 
towww.hypertec.com.au for the address 
of the retail outlet closest to you. 


Kingston Turbochip 133 

Part of Kingston Technology's upgrade 
series, the Turbochip 133 is also a direct 
replacement for your current 486 CPU. 
Like the HyperRace 586, it's based on 
AMD's Am5x86P-75 processor and 
comes with on-board voltage regulators 
and an integrated fan/heatsink assem- 
bly. Unlike the HyperRace, however, 
there's no option to set the clock multi- 
plier — the Turbochip 133 features a 
fixed x4 multiplier, making it suitable for 
use on motherboards with bus speeds 
up to 33MHz. 

As before, motherboards running a 
50MHZz bus are unsupported but there's 
not too many of these around. 

Once again, the upgrade is a snack to 
install and the manual is well written. 
You can install the Turbochip upgrade 
directly into the CPU socket or, if the 
CPU is soldered to the motherboard, 
into an adjacent OverDrive socket. 
There's no software to install but King- 
ston do supply a utility disc that includes 
the Landmark System Speed Test 
Ver.2.0. 

Tested in our 486DX2/66 machine, 
the TurboChip 133 returned almost iden- 


turing some of Intel's market share. 

The AMD K5 and Cyrix 5x86 CPUs 
are cheaper than equivalent Intel 
Pentium chips but offer slightly infe- 
rior performance. 


Pentium MMX CPUs 


Just when things were settling down 
again, Intel released the Pentium 
MMX. The letters “MMX” probably 
refer to “Multi Media eXtensions”, 
since the extra 57 opcodes added to 
the chip are primarily there to en- 
hance its 2D graphics ability. 

The MMX has a 32Kb L1 cache, 
twice that of earlier Intel Pentium 
CPUs. This alone accounts for the 20- 
30% increase in system speed over a 
standard Pentium CPU with the same 
clock speed. 


The Kingston Turbochip 133 is also 
used to directly replace a 486 CPU. 
It features a fixed x4 clock 
multiplier and can be used on 
motherboards with bus speeds up 
to 33MHz. 


tical results to the HyperRace 586 which 
is to be expected. This applies to both 
the Dhrystones measurement and the 
Landmark speed. 

At the time of writing, the TurboChip 
122 costs around $230. For further in- 
formation and the address of your near- 
est reseller, call Simms International on 
1800 800 703 (freecall Australia-wide). 


Summary 

In summary, the HyperRace 586 and 
Kingston Turbochip 133 upgrade proc- 
essors will provide the most benefit to 
users of older 25MHz and 33MHz 486 
machines — particularly SX models. Us- 
ers of DX2-66 machines and up will 
probably only experience small overall 
performance gains. 


Because DirectX 5 drivers make use 
of MMX commands, many games run 
much better on MMX machines, with 
improved graphics and faster re- 
sponse. Intel has made the MMX 
standard available under license and 
both Cyrix and AMD have released 
compatible CPUs. The Cyrix 6x86MX 
and AMD K6 both offer MMX sup- 
port. 

Upgrade Possibilities: the Intel 
Pentium MMX is really a very good 
CPU. If you have one of these chips 
and you still don’t have enough grunt, 
check your motherboard’s specs to see 
if it will support a faster chip — either 
a faster Pentium MMX or a compat- 
ible AMD or Cyrix CPU. 

All these chips use a Socket 7 pin 
configuration but Intel has now gone 
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off on its own with the Pentium II (see 
below) by using a slot style configura- 
tion. Meanwhile, AMD, Cyrix and 
other chip makers have continued 
making faster CPUs for Socket 7 and 
they have been supported by several 
motherboard manufacturers. Socket 7 
boards with bus speeds up to 100MHz 
(and even 112MHz) are now available 
and are called “Super 7” mother- 
boards. 

AMD's response to the Pentium II 
has been to develop the K6-3D, later 
renamed the K6-2. This chip includes 
anumber of enhancements, including 
“3D Now!” which does for 3-D graph- 
ics what MMX did for 2-D graphics. 

The new commands making up 
“3D Now!” are already supported in 
DirectX 6, just released from Microsoft, 
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c also | a upgrade CPU for Pentium systems and this is designated 
0 00. This unit is intended for upgrading 75MHz and up systems. a 


and have the ability to pipeline four 
floating point calculations per clock 
cycle, instead of just one. It makes 
short work of the calculations re- 
quired for 3D sound and 3D graphics 
effects. 

If, like many people today, you 
have already invested in a Pentium 
system and have an AT case, then 
look closely at the Super 7 alterna- 
tive to the Pentium II system. You 
can use most of your existing hard- 
ware and just upgrade the 
motherboard and the CPU. 

Although originally developed for 
Pentium II systems, AGP video cards 
can also be used on many of the 
newer Super 7/Socket 7 systems. 
AGP (advanced graphics port) wasn’t 
originally intended for older Socket 


7 based systems. Fortunately, it works 
because I'm writing this article on a 
system using an AMD K6-2 and an 
AGP video card! 

Cyrix and AMD are both now de- 
veloping 500MHz and 600MHz chips 
and shouldn’t be long with these new 
CPUs. There’s also a new socket com- 
ing (called the Socket 370), which 
will run on a 133MHz bus (faster than 
current Pentium IIs). 


Celeron & Pentium II CPUs 


Intel made a completely radical 
change when it developed the Pentium 
Il, abandoning the older “Socket 7” 
CPU for a new CPU with a straight- 
line slot connector. Indeed, it looks 
more like a Nintendo cartridge than a 
CPU. 

Pentium II motherboards have a dif- 
ferent footprint, or “form factor”, to 
the older AT motherboards. Because 
of this, the new “ATX” style mother- 
board needs a different case than that 
used for the Socket 7 motherboard. 
The newer ATX case will often take 
an older AT motherboard but not vice 
versa. 

In an attempt to attract budget buy- 
ers, Intel has also recently introduced 
the “Celeron” — basically a Pentium II 
but without the expensive integrated 
L2 cache. Although L2 cache can have 
a dramatic effect on some games and 
applications, it makes little difference 
in other cases. Indeed, the maths abil- 
ity of the FPU in the Celeron is the 
most important factor as far as the 
game Quake is concerned and there is 
little difference between playing this 
game ona Celeron-based machine and 
one with a standard Pentium II. 

Upgrade Possibilities: if you have a 
Celeron CPU, you will need to ensure 
that you can run a Pentium II. This is 
not always possible, so check before 
you buy. Either way, try to buy a sys- 
tem that gives you the ability to sub- 
stitute a faster CPU later. This way, 
you can buy a good system and save 
money by not buying the latest CPU 
(which is usually over-inflated in price 
because it is the latest), You can then 
wait until the faster processor moves 
a few rungs down the pecking order, 
by which time it will be vastly more 
affordable. 


Pentium Pro 

Designed (and priced) with high 
end servers in mind, the Pentium Pro 
is basically a Pentium CPU with an 


on-chip L2 cache that runs at the full 
CPU speed. As a result, a 200MHz 
Pentium Pro can outperform a 
Pentium II 233 CPU for some applica- 
tions. Note that in the Pentium Pro, 
the L2 cache is on the same chip as the 
CPU, not “closely coupled” as in the 
case of the Pentium II. 

Upgrade Possibilities: until re- 
cently, users of Pentium Pro CPUs 
have had to resort to running a dual or 
quad CPU system if they wanted extra 
performance. Of course, this required 
a motherboard that sported the extra 
CPU sockets. 

However, Intel has now released 
the promised MMX upgrade path for 
Pentium Pro users, by way of an over- 
drive chip. In addition to supporting 
the new MMX instructions, the new 
overdrive CPU has a 32Kb L1 cache 
and a “closely coupled” 512Kb L2 
cache, again running at the same speed 
as the CPU. 

Systems running a 150MHz or 
180MHz Pentium Pro CPU can now 
go to 300MHz using the new over- 
drive CPU, while, 166MHz and 
200MHz systems can go to 333MHz. 


Overclocking 


As the name suggests, overclocking 
involves running a CPU at a speed 
faster than it was designed for. 

To explain, the speed at which the 
processor runs is set by the two fac- 
tors: the system bus speed and a mul- 
tiplier (or ratio) setting. These are usu- 
ally set by jumpers on the mother- 
board. Some common bus speeds are 
50MHz, 60MHz and 66MHz, while 
the multiplier settings generally range 
between 1.5 and 3 (eg, 1.5, 2, 2.5, 3). 

Many recent motherboards can pro- 
vide even higher bus speeds (eg, 
75MHz, 83MHz & 100MHz), as well 
as higher multiplier settings. This can 
be checked out by referring to the 
manual, 

In practice, this means that if we 
have a 133MHz processor (for exam- 
ple), the bus speed will be set to 
66MHz and the multiplier to 2 (2 x 66 
= 132). Note that, in this case, the 
processor runs at twice the bus speed. 
Similarly, a 75MHz processor will run 
on a 50MHz bus with a multiplier of 
1.5, while a 200MHz processor will 
run on a 66MHz bus with a multiplier 
of 3 

Overclocking involves changing 
the bus and/or multiplier settings on 
the motherboard to bump the CPU up 


Table 1: Common Bus Speeds & Multipliers 


Multiplier 
1a RR eae [es 3 35 4 45 
Bus Speed CPU Speed (MHz) 

50MHz 875 | 100 | 125 | 150 | 175 | 200 | 225 
60MHz 105 210 | 240 | 270 
66MHz 116 

75MHz 1412 | 130 188 | 225 337.5 
83.3MHz | 125 | 145 290 375 
100MHz | 150 | 175 | 200 


This table lists the common bus frequencies and multipliers, together with the 
resulting CPU speeds. The speeds highlighted in yellow are the multiplier/bus 
speed combinations commonly recommended by the CPU manufacturers but 
you can try other combinations if you wish to experiment with overclocking. 


to the next speed. For example, a 
120MHz processor could be over- 
clocked simply by changing the bus 
speed from 60MHz to 66MHz, so that 
it runs at 133MHz. 

What about the pre-Pentium chips? 
In the case of earlier 8088, 80286 and 
80386 CPUs, it’s sometimes possible 
to tweak the speed up a little but the 
performance gain is modest (so mod- 
est that you wouldn't bother, in fact). 

With 486 and later chips, the reli- 
ability is usually better and the per- 
formance gains can be more worth- 
while. There are a few risks, however. 
First, if you're not careful, you can 
easily destroy the CPU due to over- 
heating. That’s because the faster a 
chip goes, the hotter it gets and in- 
creasing the clock speed will run a 
chip closer to it's limits. 

A heatsink and a cooling fan should 
be fitted to the CPU if you intend 


Ehin 
A processor upgrade is easy to install 
if a ZIF (zero insertion force) socket is 
fitted to the motherboard. You just lift 


the lever to release the old processor. 


overclocking the system. If these items 
are already fitted, you may have to 
improve the cooling by fitting a high 
capacity fan. 

The second risk involved with over- 
clocking is instability. This is more 
critical with Windows 95 than Win- 
dows 3.11 but the only way to find out 
is to try it and see. You will need to 
consult your motherboard manual to 
set system bus and multiplier speeds. 

If you have a 486SX/25 or DX/25 
system, you could try running it at 
33MHz. Similarly, if you have a 
33MHz processor, try running it at 
40MHz. If you are running a 486DX2/ 
50, it will sometimes be possible to 
get it to run as if it were a 486DX2/66, 
simply by running a 33MHz bus in- 
stead of the original 25MHz bus. 

As discussed above, a 486DX/4 CPU 
actually triples the bus speed. In some 
cases, you may be able to run a 
486DX4/100 system as a486DX4/120, 
simply by setting the bus to run at 
40MHz instead of 33MHz. 

With Pentium and later CPUs, it 
can geta little more complicated. Here 
you will find clock rates and multipli- 
ers that have one set of rules for one 
CPU and a completely different set of 
tulers for another. 

Note also that some chip manufac- 
turers included “overclock protection” 
on their CPUs. If this is the case, try 
changing the bus speed instead of the 
multiplier. 

On the other hand, some CPU’s such 
as the IBM/Cyrix MX-PR333 almost 
beg to be overclocked. The PR333 can 
run at 2.5x and 100MHz (250MHz), 3x 
and 83MHz (250MHz), 3.5x and 
75MHz (263MHz), or 4.0x and 66MHz 
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Tom’s Hardware Guide at www.tomshardware.com/overclock contains some 
excellent advice on overclocking CPUs, including a step-by-step guide. A 
number of other web sites also offer useful advice on this subject 


(266MHz). Despite running at 250- 
266MHz, this CPU performs as if it 
were a 333MHz chip — hence IBM/ 
Cyrix’s PR rating. 

Be warned that a 75MHz (or higher) 
bus might cause system instability if 
you are using EDO RAM (especially 
the 70ns type). That's because EDO 
RAM was designed to operate at a 
maximum bus speed of 66MHz, 
whereas some types of SDRAM can 
run at up to 100MHz. In some cases, 
you might be able to get around this 
problem by altering the DRAM wait 
state values in the system BIOS. 

Be warned also that you might en- 
counter problems with older expan- 
sion cards if you increase the system 
bus speed. The PCI bus runs at half 


The information on CPU over- 
clocking included here is intended 
as a general guide only and you 
should carefully weigh up the risks 
involved before attempting to over- 
clock your system. If you are unsure 
as to what you are doing, the best 
advice is “don’t do it”. 

In particular, readers are warned 
that overclocking could lead to sys- 
tem instability and data loss and 
could void any warranties. It could 
also cause the CPU (and even the 
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the system bus speed and too high a 
speed could cause problems with 
some older cards. 

By the way, using a high bus speed 
and a low multiplier to set the CPU 
speed will give faster results overall. 
That’s because the data throughput 
on the PCI bus will be much higher. 
For example, using an 83MHz bus 
and a x2 multiplier (= 166MHz) will 
give better performance than using a 
66MHz bus and a 2.5x multiplier (if 
the system will operate on an 83MHz 
bus, that is). 

Conversely, overclocking the proc- 
essor by decreasing the bus speed but 
increasing the multiplier will provide 
only marginal benefits (ifany). A good 
example here is if you overclock a 


motherboard) to fail due to over- 
heating. At the very least, you should 
back up all your data and the regis- 
try (system.dat and user.dat) before 
making any changes. Note thatnone 
of the CPU manufacturers recom- 
mends overclocking. 

Finally, you make any modifica- 
tions at your own risk. Silicon Chip 
Publications Pty Ltd disclaims any 
liability for any data loss or damage 
that may result from readers experi- 
menting with overclocking. 


Pentium 133 to 150MHz by increas- 
ing the multiplier from 2 to 2.5 and 
decreasing the bus speed from 66MHz 
to 60MHz. Sure, the processor will 
run faster but the memory and other 
parts on the motherboard will run 
slower due to the decreased bus speed. 

As before, heat is your biggest en- 
emy. If the system is OK when it’s 
cold but becomes unstable after it’s 
been running for awhile, try fitting a 
bigger cooling fan to the CPU and 
improving the case ventilation. 

Table 1 shows a list of common bus 
frequencies and multipliers, plus the 
resulting CPU speed. The speeds high- 
lighted are the common combinations 
recommended by the chip manufac- 
turers. You can try other combina- 
tions for yourself but remember — the 
risk is entirely yours. 

Don't be over-ambitious when it 
comes to overclocking. You might be 
able to get the system to operate reli- 
ably at the next highest speed setting 
but that will probably be the limit. 


Precautions 


There are a few precautions that 
you should observe. First, watch out 
for static electricity as it can damage 
motherboards, add-on cards, CPUs and 
RAM chips. 

If you change the CPU, make sure 
that the new device is installed cor- 
rectly, with pin 1 going to pin 1 of the 
socket. Some CPUs will be damaged if 
you plug them in the wrong way 
around. Be careful not to bend the 
pins of the CPU as it’s difficult to 
straighten them properly afterwards 
and all too easy to break them off. 

Running a CPU at less than its speci- 
fied rating won't hurt it but over- 
clocking can overheat a chip and dam- 
age it. Make sure that the CPU stays 
cool and keep an eye on the tempera- 
ture while testing new clock speed/ 
multiplier combinations if you intend 
overclocking. A larger cooling fan will 
be required in most cases. 

Don't forget to double-check the 
CPU voltage jumpers if you replace 
the CPU. This won't apply to 486 and 
earlier chips but is very important for 
Pentium or later CPUs. Note that MMX 
type chips usually run from dual sup- 
ply rails. 

Finally, there’s lots of advice on 
overclocking available on the Internet. 
Check out Tom’s Hardware Guide at 
www.tomshardware.com/overclock, 
for example. sc 
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Guide to 
Satellite TV* 

Installation, Reception & Repair. By 
Derek J. Stephenson. First published 
1991, reprinted 1997 (4th edition). 
This is a practical guide on the 
installation and servicing of satellite 
television equipment, including antenna 
installation and alignment. The cover- 
age of the subject is extensive, without 
excessive theory or mathematics, 383 
pages, in hard cover at $60.00. 


Servicing Personal 

Computers* 

By Michael Tooley. First published 
1985. 4th edition 1994. 

Computers are prone to failure from a 
number of common causes & some 
that are not so common. This book sets 
out the principles & practice of 
computer servicing (including disc 
drives, printers & monitors), describes 
some of the latest software diagnostic 
routines & includes program listings. 
387 pages in hard cover at $90.00. 


Video Scrambling & Descrambling 
For Satellite & Cable TV" 

By Rudolf F. Graf & William Sheets. 
First published 1987. 

This is an easy-to-understand book for 
those who want to scramble and 
unscramble video signals for their own 
use or just want to learn about the 
techniques involved, It begins with the 


theory of video encryption and 
decryption. It also provides schematics 
and details for several encoder and 
decoder projects, has a chapter of 
relevant semiconductor data sheets, 
covers three relevant US patents on the 
subject of scrambling and concludes 
with a chapter of technical data. 246 
pages, in soft cover at $50.00. 


The Art of Linear 

Electronics’ 

By John Linsley Hood. Published 
1993. 

This is a practical handbook from one 
of the world's most prolific audio 
designers, with many of his designs 
having been published in English 
technical magazines over the years. A 
great many practical circuits are 
featured — a must for anyone interested 
in audio design. 336 pages, in 
paperback at $80.00. 


Digital Audio & Compact 
Disc Technology" 

Produced by the Sony Service Centre 
(Europe). 3rd edition, published 1995. 
Prepared by Sony's technical staff, this 
is the best book on compact disc 
technology that we have ever come 
across. It covers digital audio in depth, 
including POM adapters, the Video8 
PCM format and R-DAT. if you want to 
understand digital audio, you need this 
reference book. 305 pages, in 
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Radio Frequency 

Transistors 

Principles & Practical Applications. 
By Norm Dye & Helge Granberg. 
Published 1993. 

This book strips away the mysteries of 
RF circuit design. Written by two 
Motorola engineers, it looks at RF 
transistor fundamentals before moving 
on to specific design examples; eg, 
amplifiers, oscillators and pulsed 
power systems, Also included are 
chapters on filtering, impedance 
matching & CAD. 235 pages, in hard 
cover at $105.00. 


Guide to TV & Video 
Technology” 

By Eugene Trundle. First published 
1968. Second edition 1996. 

Eugene Trundle has written for many 
years in Television magazine and his 
latest book is right up date on TV and 
video technology. 382 pages, in 
paperback, at $55.00. 


Electronics Engineer's 
Reference Book" 

Edited by F. F. Mazda. First published 
1989. 6th edition. 

This just has to be the best reference 
book available for electronics engineers, 
Provides expert coverage of all aspects 
of electronics in five parts: techniques, 
physical phenomena, material & 
components, electronic design, and 


expanded to include chapters on 
surface mount technology, hardware & 
software design, semi-custom 
electronics & data communications, 63 
chapters, soft cover at $160.00. 


Audio Electronics* 

By John Linsley Hood. Published 
1995. 

This book is for anyone involved in 
designing, adapting and using analog 
and digital audio equipment. It covers 
tape recording, tuners and radio 
receivers, preamplifiers, voltage 
amplifiers, audio power amplifiers, 
compact disc technology and digital 
audio, test and measurement, 
loudspeaker crossover systems and 
power supplies. 351 pages, in soft 
cover at $75.00. 


Understanding 
Telephone Electronics" 

By Stephen J. Bigelow. 

Third edition published 1997 by 
Butterworth-Heinemann. 

This is a very useful text for anyone 
wanting to become familiar with the 
basics of telephone technology. The 10 
chapters explore telephone fundamen- 
tals, speech signal processing, 
telephone line interfacing, tone and 
pulse generation, ringers, digital 
transmission techniques (modems & 
fax machines) and much more. Ideal 
for students. 367 pages, in soft cover 


basic techniques, then details the paperback at $90.00. applications. The sixth edition has been at $55.00. 
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DIC = MITH advanced technology, sockets 


and electronics accessories ? 


High intensity 100mm Pearl catch 
ferrite rod Handy tool for picking up small nuts, washers or 
WHITE LEDs Pain rod antena. Sze: 100x nm 


components from hard to reach places. Uses 4 springy 
600med A NEW. 
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spines to ISAN EW 
5mm $8 50 $5 50 


White light 5-pattern laser pointer 
Great for meetings and presentations, A novel 1mW 
i MES 8 95 pointer displaying either a star, dot, I®U, circle and 
mes sate $ symbol. Up to 50m range indoors, with adjustable, 
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White light ; o A NEWG 
5mm $995 ee 39 & 
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NEW 


2-way panel mount “SS 
RCA sockets 5-piece reversible Keychain mini laser pointer 
Nickel plated with red and white inserts. ratchet wrench set Clip this pointer to a belt or keep it in your pocket! 
$ p2 E Handy ofset box-end wrenches providing reversible 1MW laser pointer in rough meral housing, only 6cm 
7 araa e ere Fpa Sizes long. Up to 50m indoor range. Includes batteries, 


include: 5.5, 6, 7, 8, 10, 11, 
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2-way panel mount py 


RCA sockets $2 695 


Gold plated with red and white inserts 
$480 
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4-way panel mount 
RCA sockets 


Gold plated with red and white inserts. 
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2-in-| butane 
soldering i iron 


ble flame and soldering iron tips, and large 
Maximum blowtorch temperature of 
coldering temperature of 400°C, 


EREHE G 


rebiiibhi HIA 


3-way RCA-RCA 
socket adaptor 
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choice of quality kits ? 


Wah-Wah guitar kit? 
* Popular guitar effect is controlled by 


a foot pedal (not included) 
* Resulting sound produces suddenly 


increasing/decreasing volume 
* Includes PCB stakes, PCB, components 
and PCB mounted 6.75mm sockets, 


$2995 us Sep '98 


Soundcard pre-amp? 

* Convert your soundcard into an 
oscilloscope or waveform generator 

* Take full advantage of your soundeard’s 
input capabilities for making measurements 

* Includes software to get you started! 

* With all components, hardware, PCB, case, 
pre-punched and screened 
front panel 
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Signal-triggered 20 
mains switch 


* Turns on your entire home entertainment 
setup/hi-fi system with just one switch! 
* Activate any piece of gear that needs 
to be on when audio signals 
are present. 
* Comes with all components, 
hardware, PCB, case, 
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ay 
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front panel 
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Availability: Our kits consist of many different parts from numerous suppliers. Whilst we have 
sometimes problems can arise in obtaining all of the parts. This means there is a slight chance that 


* Identifies horizontal output 


* Includes all components, 
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Dual stereo VU meter? 


* View or pre-adjust all inputs of 2 mixer panel 
is model 


* Contains 2 stereo 
VU meters with 2 x 5 
LED indicators 

* Can be used to indicate 
amplifier output levels, 

* Supply volage: 
14-18V DC/62mA 

* PCB size: 28 x 98mm 


vellemen-kit: 


Shorted turns tester 9 


* Tester for line-output or “lyback’ transformers 


and HF wound components 


* Aids in the servicing of TV receivers, video 


‘monitors and computer 
power supplies 


stage faults 


PCB, case, pre-punched and 
screened front panel 


s4495 


Motorcycle intercom 2 
* 2-way communication 
* Full duplex operation 
* Single volume control for both channels 
* Uses 4 x AA batteries or power 
directly from motorcycle 
* Includes all components hardware, 
PCB, deluxe case and 
pre-punched screened m 
front panel 


aaah 


Electronic watchdog 9 

* This circuit produces a natural sounding ‘bark’ 

* Features a sensitive ‘ear’ to everything that 
comes near it 

* Choice of two different ‘dogs’ 

* Power supply: 2 x BV AC or 9-12V DC/S00mA 

* Speaker output: 2W at 4ohms 


vellemenkitS) 


GREAT VALUE! 


Nothing compares to this! 


TV stereo decoder ?? 


* Provides quality stereo so 
* Connects to your existing Hi-Fi system 
* Provides 6 preset tuning channels (VHF or UHF) 
* Offers ‘surround sound’ and sub-woofer 
channel outputs 
* Comes with all components, hardware, 
PCB, 


hed and screened front panel 


E Jan’95 


se, pre- 


like to check beforehand, please don't hesitate to contact your local store. 


consulted close! 


ly with them and are satisfied as to their ability to supply, 
inchecks are available, however if you'd 


DICK=-SMITH 


That's where you go! 


DICKS SMITH Where do you go for great 


components, boards and modules? 


Adjustable visor magnifier 


Great for working with small components and circuit 
boards. Lightweight visor that slips onto your head and is 
flipped down when a magnified view is needed. 
Selectable 2.2X and 3.3X 
magnification. 


d = T 
| Solar HobbyCel LOV 250mA $6.95 $2995 
Solar HobbyCell 1.5V 500mA o $12.95 
Solar HobbyCell 2.0V 500mA 02017 $14.95 
| Solar Module 0.45V 400mA o $4.50 
| Solar Module 045V 1A o $7.50 
Solar Module 2.0V 200mA 
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= Tiny Add-on breadboard 


And the best range of er dor Wat e dats m liea C NE 
frequency and low static. 

Size: 166 x 9.5 x I Imm (LWH). $695 

NEW 


prototype boards? _ 
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7 pE 
An. w e 
Tee” ge Medium Add-on breadboard 
Made from high-class material with V-shaped cross 
PCB Prototype Board 21-110 Size: 44mm(W) x 75mm(L) H5604 $2.75 sectional groove allowing DIP IC pins to be inserted 
PCB Prototype Board 21-115 Size: 47mm(W) x 72mm(L) H5603 $2.75 ae Pe eee ar eee 


Size: 166 x 35.5 x I Imm (LWH). 
PCB Prototype Board 21-113 Size: 47mm(W) x 72mm(L) H5608 $2.75 H $ 1295 
Prototype Board 21-109 Size: 46mm(W) x 93mm(L) H5607 $3.10 N EW 

PCB 8 to 20 Pin IC Dual Socket Size: 44mm(W) x 9Imm(L) H5601 $3.25 
PCB Prototype Board 21-111 Size: 49mm(W) x I3Imm(L) H5605 $3.25 
PCB Prototype Board 21-116 Size: |15mm(W) x lé0mm(L) H5609 $6.95 
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Canon 

DSE Surge Canon unisolar flexible panel 5W me 

8 dealt k P > Aluminium box 
protector Maintains with plastic end caps 
3 M.O.Vs and 4500V surge Size: 54 x 224 x 36 mm (WLH). 


and 4WD ox 
ip Available only at the PowerHouse stores. Direct Link. 
York Street, Parramatta, Hobart, Glenorchy, Gore 
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Hill, Buranda, Springvale, Coburg, Penrith and 
NEW Fyswick. 


DICK SMITH 


That's where you go! 


Where do you go for choice 
multimeters and accessories? 


DICKS SMITH 


9-range analogue _ 


multimeter multimeter ~~=} measuring meter 
Small and lightweight With magnifier and calculator, determines 
with built-in diode, = the actual distance between two points on 


decibel and battery test. 
Includes protected fuse, 
mirrored scale and 
1S0mA DC current 


$1995 


Due mid-October 


30-range digital 
multimeter with 


temperature 
3.5 digit meter with 2000 
count LCD and -40'C to 
100°C temperature range. 
Comes with temp. probe 
(-40°C to 260°C) Features 
capacitor, transistor, 
resistance and diode tests 


$7990 


multimeter 
Fe res DC and ac olts 


Resistance from 0 to 
50MQ. Temperature from 
-50°C to 260°C (using 
optional probe) 
includes built-in stand 
and handle 


Digital callipers ~ 
High precision tool for engineers, 
designers, students and serious 
hobbyists measuring from 0.01 mm 
to 150mm. With metric/imperial 
conversion and auto off function. 


$139 


3.5 digit 1999 counts with 
high resolution, ACA 
current measurement up 


and DATA HOLD 
function. 


$169 


366 644 (Local Call Charge) FA 
DICK SMITH Spiel 


| PHONE: 
MAIL: 


12-range analogue 


26-range analogue 


"a Clamp meter 


to 700 amps, PEAK reading 


Digital map 


a map or plan by multiplying the distance 
in millimetres by the scale 


of the map or 


$3995 


Digital engine 


analyser 
Monitors RPM, dwell angle, points 
and batery charging system 


Includes inductive pick up, alligator 
embly and carry case, 

x 1ORPM 

DC current ~ 2A, 20A. 

Dwell ~ 4, 5, 6, and 8 cylinders 


Air speed and 
temperature meter 


Handheld meter with 4 digit 
display for wind speed and 
temperature readings, with 
protective carry case. Air 
flow range: 0.4-30m/s, 80- 
4900f/min. Temp range -10 
to 50°C, +14’to 122°F 
Continuous moving average 
Min/max/ayg (single point). Air 
flow average for multipoints 


S199 


Miranda Shp 2033 Westfield S/Town Next to KFC 9525 2722 | 


NSW 

NSW Penrith PowerHouse, cnr Batt & Mulgoa Rds.... 4721 1544 
NSW Rockdale Shp M2 Rockdale Plaza, Princess Hwy.. 9588 9309 
NSW Nowra 38 Berry Street ...... 4422 5522 
VIC Bourke St Shop 2, Basement cnr BourkelSwanston Sts... 9639 0396 | 
WA Rockingham Cnr Read StiCommodore Dve 9592 2888 
WA Morley 269 Walter Road. 


That's where you go! 


Having discussed the testing of equipment for 
electromagnetic emissions, we now focus on the 
flip side of the coin - immunity. Immunity is the 
measure of how susceptible a device is to electro- 
magnetic emissions from external sources. 


By MARQUE CROZMAN* 


Pt.3: Immunity 


Immunity is particularly important 
in equipment used in hospitals and 
aircraft. Notices or announcements are 
usually made to the public banning 
the use of electronic equipment in 
these places, for fear of having an 
effect on instrumentation or monitor- 
ing equipment. Unfortunately, equip- 
ment making minute measurements 
can also be particularly sensitive when 
it comes to susceptibil 

We also get annoyed when we buy 
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equipment and find that other devices 
that we own affect them. Most people 
have had the situation when they have 
tried listening to an AM radio sitting 
next to a home computer. Radio sta- 
tions can be completely swamped by 
the noise the computer puts out and 
the same goes for the noise radiated 
by TV sets. 

Is it the fault of the radio, the PC or 
the TV set? Really, it is an overall 
responsibility: the PC and TV should 


To 
Interference 


not radiate and the radio should not 
to be susceptible to noise outside the 
frequency band you are listening to. 

How do you control susceptibility? 
The trade-off is to either control the 
environment in which the equipment 
operates which is an impossible or 
expensive option or to design the 
equipment to withstand these effects. 
An example of a device where the 
environment is controlled rather than 
the machine is MRI (magnetic reso- 
nance imaging) in hospitals (typically 
used for brain scanning), The room in 
which it is located is effectively a 
Faraday cage to prevent external fields 
getting in and stopping internal fields 
getting out. 

From the outset, it must be noted 
that Australia and New Zealand do 
not require testing for susceptibility 
for the purposes of C-Tick compli- 
ance. They only require compliance 
for emissions. The upside is that much 
of the effort taken to reduce emissions 
also helps in making the device less 
susceptible. 

European CE compliance and most 
military standards do require compli- 
ance testing. CE implements its im- 
munity requirements via a suite of 
standards that are outlined in the ac- 
companying panel. These follow the 
same format as the emission stand- 
ards, with a generic standard cover- 
ing all products, then product family 
standards and finally, specific prod- 
uct standards. 

Each of these standards calls up 
other standards that outline the tests 
to be carried out and methods by 
which to do so. Forinstance, EN61000- 


*Marque Crozman is a design engineer 
with Innotech Control Systems, in Bris- 
bane, Qld. Phone (07) 3481 1388. 


are low. This 


4-3 defines the levels and methods 
for testing RF immunity. 


Susceptibility — sources 

of interference 

eptibility testing attempts to 
st the product to the worst sorts 
ference that it might experi- 
ence in the real world. Sources of 
this interference can be the static 
electricity that we build up on days 
when the humidity is low and which 
discharges when we touch some- 
thing metal or the switching tran- 
sients from contactors or relays such 
as a washing machines on its spin 
dry e. Or it can be RF fields 
generated such as when we talk on 
a mobile phone and the mains-borne 


is also done at open area test sites where ambient signal strengths 
site in Victoria is operated by EMC Technologies Pty Lid. 


interference that gets into the prod- 
uct if it is mains-powered. 

Susceptibility testing is hard to 
quantify, since the functioning of the 
product has to be evaluated in de- 
termining whether it has passed or 
failed. The criteria for this is pro- 
vided by the manufacturer in his 
specification for the product and 
through requirements in the various 
standards. 

Before testing for immunity, the 
manufacturer has to detail how the 
product operates and what would 
be construed as a pass or failure of 
the product for each test. This infor- 
mation (in the test plan) is then used 
during the testing and is included 
in the test report as to how the de- 


(OATS) 


GHz 


Melbourne T: 


Sydney T: 
‘Auckland 


AES 


EMC Technologies’ internationally reco 
test facilities are fully accredited for emissions, immunity and safety standards. 


vice performed. Any anomalies or 
effects during testing are noted and 
included in the test report. 

Different tests have different per- 
formance criteria for the device un- 
der test. The standards outline three 
criteria and each test then specifies 
one of these criteria of operation to 
determine a pass or failure: 

Criteria A states that the appara- 
tus must operate as per the manu- 
facturer’s specification for the dura- 
tion of the test. 

Criteria B states that the appara- 
tus must operate as intended after 
the test and that during the test no 
change of operational state or stored 
data is allowed. A possible example 
of this would be interference to a 
monitor. The picture may tear or 
distort but it is not allowed to change 
resolution or screen settings. It would 
also not be allowed to forget user 
settings. 

Criteria C states that tempora 
loss of function is allowed, if this is 
recoverable — either by itself or by 
manual operation of the controls. 
The monitor may lose control of the 
picture being displayed and may 
crash the controlling firmware, so 
long as this is recoverable, either by 
itself (watchdog reset) or by manu- 
ally switching it off and on again, 
or all operational criteria, the ap- 
paratus is not allowed to become 
dangerous or unsafe 


Testing susceptibility - 
electrostatic discharge 

The immunity test for static elec- 
tricity is the Electrostatic Discharge 


FULLY (Neieiisisiagse} TESTING FOR GLOBAL MARKETS 


d Electromagnetic Compatibility (EMC) 


ered 


t Body for TCF approval 
r accredited immunity testi 
ted". DC - 1000Mi 


that your 
50-100V/m 


Field uniformity ensur 
100-200V/m, 1-18GHz 
ble for hire for DIY testing 


in Melbourne, Sydney and Auckland (NZ) 


CE (Europe), FCC (USA), VCCI (Japan) 


EMC Technologies 
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RC 
e 50-100M 


DISCHARGE 


DISCHARGE 
OTO TE: 


DC HV Cs 
SUPPLY 150pF 
DISCHARGE 
RETURN 


‘CONNECTION 


Fig.1: a simplified schematic diagram of an ESD gun. 


DOUBLE DECAY PULSE 


0.5) 


0.1 


T 
5ns 230% 


50ns + 30% 


TIME 


Fig:2: this is the voltage waveform used for electrical fast 


transient (EFT) testing. 


or ESD test. This sets out to simulate 
the conditions when it is touched by a 
statically charged object or person or 
a static electricity discharge is made 
in proximity to the device. Based 
around standard IEC1000-4-2, the test 
involves performing discharges to and 
near the equipment under test (EUT). 
The equipment is tested inside a 
screened room on a wooden table. On 
the table is a coupling plane. The EUT 
sits on the coupling plane but is iso- 
lated (usually via Mylar sheet) from 
it. 

Discharges are carried out with an 
ESD gun with controlled energies and 
voltages. Fig.1 shows a simplified cir- 
cuit for an ESD gun. Table 1 lists the 
discharge levels for the various tests. 
The contact tip of the gun has the 
same dimensions as a typical finger. 

Contact discharges are then carried 
out to all parts of the device where 
you can get a finger into or touch. 
Points where a discharges are made 
(to the metal parts of the case or where 
insulation breaks down) then get 10 
contact discharges to that point to 
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make sure that any effect can be seen. 
The generic standard EN55082-1 
specifies 4kV for contact discharges, 
although other standards call for dif- 
ferent voltages. 

Air discharges are then carried out 
with a different tip in the close prox- 
imity of the device, EN55082-1 calls 
for air discharges at 8kV. 

The device passes the test if the 
conditions for criteria C are met; ie, 
no permanent damage to the device 
and normal operation can be restored. 


Electrically fast transients 


Very fast transients/bursts such as 
those generated by switching (inter- 


Table 1: Voltage Levels 
For Discharge Tests 


Level Contact Air 
Test Voltage Discharge 
1 2kV 2kV 
2 AK 4kV 
3 6kV 8kV 
4 8kV 15kV 


ruption of inductive loads, relay con- 
tact-bounce, etc) normally cause trou- 
ble by coupling into equipment wir- 
ing. These generally only occur spas- 
modically but especially affect devices 
with microprocessors and/or logic. 
Spikes can sometimes cause false trig- 
gering of gates and corruption to soft- 
ware. Testing conditions are specified 
as criteria B — devices are allowed to 
falter but must not change state or 
mode and no corruption of stored data 
is allowed. 

This testis carried out in a screened 
room. 3-metre cables are connected to 
the EUT in the same fashion as for the 
radiated emissions test, Mains and 
data/interconnection cables are treat- 
ed separately, with separate levels of 
severity. The device is set up on a 
wooden table in a similar way to the 
ESD test and the generator is located 
on the floor of the screened room. 

The device is powered up via a 
mains outlet on the test generator. The 
waveform shown in Fig.2 is injected 
directly into the mains cable leading 
to the EUT. Tests are carried out in 
both positive and negative polarities 
and in turn to each supply lead and to 
the protective earth. The length of the 
test is nominally one minute per po- 
larity per lead. 

Test generators are normally com- 
puter-controlled and have a program 
that carries out the polarity control, 
test timing and output switching. It 
also includes a substantial filter to 
stop noise getting back into the mains 
supply. 

Mains injection levels vary from 
1kV to 4kV, Some generators run ini- 
tial tests at lower levels to avoid dam- 
age to the EUT if protective counter 
measures have not been taken in its 
design. This generally affects the 
equipment enough to demonstrate that 
more work needs to be carried out 
before being exposed to the full force 
of the test. 

Tests on data/interconnection ca- 
bles are made via a capacitive clamp 
which is 1m long and is connected to 
the test generator by a high voltage 
coax cable. Cables are laid in the clamp 
and the cover pulled across. The EUT 
is now powered directly from the 
mains and the test repeated. Lower 
severity levels are used for this test. 
As an example, the light industry ge- 
neric standard EN 50082-1:1992 re- 
quires mains injection levels of 1kV, 
with data cable levels of 500V. Again, 


tests are carried out for a nominal 
time of one minute and in both 
polarities. 


Voltage surge 


As with EFT, voltage surge tests 
phenomena commonly found on the 
mains, although these are slower. 
These are overvoltages or overcurrents 
caused by electrical faults, heavy load 
switching and lightning. The setup is 
the same as for EFT, however data and 
signal lines are not tested. The tests 
are defined as being 1.2us/50us (rise 
time/fall time) voltage or 8us/20us 
current waveshape surges. At least 
five positive and five negative surges 
are applied at a repetition rate no faster 
than one per minute. This allows the 
protection devices time for recovery. 
As with EFT, the EUT is expected to 
meet the requirements of criteria B to 
attain a pass. 


Voltage dips & interruptions 


The VDI test applies only to mains- 
powered equipment. It sets out to 
simulate the sort of interference 
caused by mains faults, power distri- 
bution switching and heavy load 
switching in the supply grid (that 
cause dips or brown-outs in the sup- 
ply). 

The setup and methods of testing 
are the same as those for EFT, Dips 
and short interruptions are initiated 
at any phase angle of the input volt- 
age, toa level of 0%, 40% and 70% of 
the nominal voltage for a duration of 
0.5 to 50 periods. Short term varia- 
tions are made to a level of 40% and 
0% of nominal voltage (ie, no voltage 
at all) for one second at the test level. 
The product is expected to meet the 
requirements of criteria C. 


Radio frequency immunity 


This would have to be the longest 
of all the susceptibility tests. There 
are actually two methods for testing 
RF immunity (RFI): conducted and 
radiated. It really depends on the 
standard being applied as to which 
one is used. The assumption is that a 
product could be subjected to a con- 
stant RF field from nearby radio and 
television transmitters, mobile phone 
towers and the like. As a result, crite- 
tia A is chosen: that the equipment 
must operate as intended during the 
test. 

Different standards call for differ- 
ent RF levels but generally speaking if 


EME Immunity Standards 


EN50082 Part 1:1997 


Generic immunity standard, part 1: Residential, commercial and light industry environ- 
ment. 

Scope 

All apparatus intended for use in the residential, commercial and light industrial 
environment — both indoor and outdoor, for which no dedicated product or product- 
family emission standard exists. 

Equipment in this environment is considered to be directly connected to the public 
mains supply or to a dedicated DC source. 

For the purposes of testing, the equipment is considered to be operating normally; ie, 
fault conditions are not taken into account. 

Tests 

Enclosure: 

e IEC 1000-4-2 Electrostatic discharge 

Air discharge: 8kV 

Contact Discharge: 4kV (10 discharges to preselected points of normal contact) 

e 1EC1000-4-3 RF immunity 

Severity: 3V/m; 80MHz to 1000MHz 

AC mains: 

e IEC 1000-4-4 Electrical fast transient burst testing 

1kV Bursts of 5ns/50ns (rise time/fall time) pulses at a repetition rate of 5kHz with a 
duration of 15ms, applied in both polarities between power supply terminals (including 
protective earth) and a reference ground plane. 

Data and signal lines: 

e IEC 1000-4-4 Electrical fast transient burst testing 

500V bursts of 5ns/50ns pulses at a repetition rate of 5kHz with a duration of 15ms and 
period of 300ms, applied in both polarities via capacitive coupling clamp. 


EN55104:1995 

Electromagnetic compatibility — immunity requirements for household appliances. 
Tools and similar apparatus — product family standard 

Scope 

All apparatus intended for use in the domestic environment, including toys and tools. 
This standard is the counterpart to EN55014. 

For the purposes of testing, the equipment is considered to be operating normally; ie, 
fault conditions are not taken into account. 

Apparatus is classified into four categories: 

Category |: Apparatus containing no electronic control circuitry 

Category Il: Mains powered appliances containing electronic control circuitry with no 
internal frequency higher than 15MHz 

Category Ill: Battery powered apparatus containing electronic control circuitry with no 
internal frequency higher than 15MHz 

Category IV: All other apparatus within this scope 

Tests 

Enclosure: 

 EN61000-4-2 Electrostatic discharge testing 

Air discharge: 8kV 

Contact Discharge: 4kV (10 discharges to preselected points of normal contact) 

e ENV 50141 RF immunity testing 

Severity: 3V; 150kHz to 230MHz Conducted 

AC mains: 

e EN 61000-4-4 Electrical fast transient burst testing 

1kV bursts of 5ns/50ns (rise time/fall time) pulses at a repetition rate of 5kHz with a 
duration of 15ms, applied in both polarities between power supply terminals (including 
protective earth) and a reference ground plane. 

 EN61000-4-11 Voltage dips and interruptions 

Dips and short interruptions initiated at any phase angle of the input voltage, to 0%, 
40% and 70% of the nominal voltage for a duration of 0.5 to 50 periods. Short term 
variations to a level of 40% and 0% of nominal voltage and to recover from it and one 
second at the test level. 

e EN 61000-4-5 Surge testing 

At least five positive and five negative surges, at a repetition rate no faster than one 
per minute, of 1.2ns/50ns (rise time/fall time) voltage or 8ns/20ns current waveshape 
surges at levels of 2kV (line to earth) and 1kV (line to line). 

Data and signal lines: 

e IEC 1000-4-4 Electrical fast transient burst testing 

500 bursts of 5ns/50ns pulses at a repetition rate of 5kHz with a duration of 15ms, 
applied in both polarities via capacitive coupling clamp. 
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the device is for domestic or light 
industry the levels are 3V of conducted 
RF and 3V/m radiated RF. Heavy 
industry levels are 10V conducted and 
10V/m radiated. As a general guide- 
line, devices that have microproces 
sors are tested using the radiated 
method and those that don’t are tested 
via the conducted method. Household 
devices therefore are mostly tested 
using the conducted method. 
Testing for conducted RF immu- 
nity is straightforward. RF is coupled 
into the mains supply powering the 
device under test. The point at which 
the RF is injected also has a hefty 
filter to stop RF getting out into the 
mains supply. This test is carried out 
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PCs are well-known sources of interference and here a system is being set up on 
a wooden table at an open area test site 


in a screened room with the EUT ona 
wooden table with the injection de- 
vice on the floor. The equipment is 
monitored throughout the test for its 
adherence to criteria A as RF is stepped 
through the frequency bands to be 


covered. This can take several hours. 
For the domestic equipment standard 
(EN55104;1995), 150kHz to 230MHz 
is tested. 

The radiated method of testing is 
far more complex. A semi-anechoic 
chamber is required to stop the forma- 
tion of standing waves that can be of 
much higher magnitude than the test 
requires. These are shielded rooms 
with either ferrite tiles or special RF- 
absorbing foam-like structures cover- 


Even wheelchairs need to be tested for electromagnetic compliance. Here a 
wheelchair is being set up on a wooden table prior to testing. 


ing the internal surfaces of the cham- 
ber. 

A log-periodic antenna is set up 
and is driven by a signal generator 
and amplifier to generate a field in the 
room. The EUT sits on a wooden ta- 
ble, three metres from the antenna. 
The test band covers 80MHz to 1GHz 
(1EC1000-4-3). Before any equipment 
is placed in the field, the field is cali- 
brated. 

The calibration procedure involves 
placing a wooden frame into the space 
where the equipment will sit. The 
frame consists of a matrix of 4 x 4 
wooden rails, The field strength is 
then measured at each of the 16 points 
on the matrix. The field-strength me- 
ter is coupled to test equipment out- 
side the room by means of a fibre- 
optic link. This builds up a table of 
calibration data that then controls the 
output power of the RF amplifier. The 
standard requires that 9 of the 16 meas- 
ured points must be within +3dB of 
the required level for each frequency 
to be tested. 

Once complete, the calibration en- 
sures that the space in which the de- 
vice is to be placed has a uniform 
field. A previous standard only re- 
quired that a field strength meter be 
placed in close proximity of the EUT 
and that the power of the RF amplifier 
be wound up until the field strength 
read the level being tested to. It also 
did not require the use of a semi- 
anechoic chamber. The standard was 
changed since this caused non-repeat- 
able results, with the equipment be- 
ing sometimes subjected to standing 
waves well in excess of what was 
called for. 

The equipment is then tested in the 
calibrated section of the field and 
monitored either through a portal or 
via a video monitoring system. Like 
the conducted RF test, criteria A is 
used. This also takes a few hours to 
complete with the test generator stop- 
ping at each frequency and radiating 
the EUT for a time before moving on 
to the next. 

For equipment to pass these tests 
requires protection to be designed into 
the product from the start. Band aids 
to existing products by placing sup- 
pressors on the terminals or the like 
normally don’t work. sc 


Acknowledgment: all photos by cour- 
tesy of EMC Technologies Pty Ltd, Vic- 
toria. 
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GST could 
raise prices 

Most of your readers will be aware 
that electronic components, tools and 
test gear carry a 22% sales tax and that 
the current government is talking 
about a GST of perhaps as low as 
10%. Great, electronics is going to get 
cheaper? No! 

The 22% is applied to the whole- 
sale price, giving the retailer's “cost 
price”. To this they add their mark-up 
to cover all their other costs and turn 
a profit, This mark-up is typically 
100% but can be much higher on small 
parts. If the mark-up is exactly 100% 
then the tax component is equal to a 
9.9% retail tax) so a 10% GST will see 
similar prices while a higher rate will 
cause a significant rise. 

However, current wholesale sales 
tax rates vary (starting at 12%), as 
does mark-up, so many items will in- 
crease in price while a few will drop. 
Many items are currently exempt. 
These include fasteners, “building 
materials” like electrical fittings, PVC 
pipe and fittings, magazines and trade 
journals, all of which will rise. 

The “S” in GST is for Services, 
meaning you will pay 10-15% more 
every time you pay someone to do 
something, every time you use a tel- 
ecommunications service, etc. This 
includes the electronic service indus- 
try and it will have a severe negative 
effect. The price of large TVs, VCRs 
and sound systems which have a fairly 
high tax component due to being taxed 
at the “luxury” item rate of 32% on 
the wholesale price will likely drop 
somewhat. 

Meanwhile a repair job, currently 
not taxed (except for any parts used) 
will rise by 10-15% due to the tax 
added to it. This reduction in the dif- 
ference between the price of repair 
and replacement increases the likeli- 
hood of replacement. This means elec- 
tronic service businesses will either 
lose business or will need to cut prices 
to an unrealistic level. Either way, 
staff will probably be cut or the whole 
business close. 

The costs of setting up for the new 
tax are also very high, with $8000 
being one suggestion, plus a modern 
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computer if one is not already owned. 

It should be noted that the largest 
economy in the world, the United 
States, does NOT impose a tax on 
services, its state retail sales taxes ap- 
plying only to goods. Of all the coun- 
tries that have introduced such a tax, 
only three have seen norise in the rate 
and don’t believe anyone who prom- 
ises not to raise the rate here. 

J. Sortland, 

Hornsby Heights, NSW. 


Vibrators for car radios 
still available 

I have just been reading the “Serv- 
iceman’s Log” in the September 1998 
issue and I was interested to read of 
his experiences with the old Delco car 
radio from the 1955 Cadillac. What a 
pity he didn’t know that “plug-in” 
replacement “solid state” vibrators are 
still available from Antique Electronic 
Supply, PO Box 27468, Tempe, Ari- 
zona, USA 85285-7468. Their 1988 
catalog has them listed at SUS24.95 
(about $A43.77) each and they are 
available in 3 and 4-pin, 6V and 12V, 
negative and positive earth types. He 
could have saved himself a lot of time 
and bother! 

The OZ4 rectifier valve also seems 
to be available from the same source, 
although I don’t hold any grudges 
against someone replacing rectifier 
valves with semiconductors! One 
thing he should be aware of: the “new” 
diodes will increase the B+ voltage so 
a dropping resistor should be installed 
to return the B+ to its original voltage, 
otherwise some of the valves (and 
some components) will be operated 
beyond their maximum ratings. In our 
R-390A Communications Receiver, for 
example, replacing the 26Z5W recti- 
fier valves causes the B+ to rise from 
265V DC to a whopping 290V DC! 

T. Robinson, 

Woodend, Vic. 


Some uses for 
old computers 

I decided to send in a couple of 
suggestions for uses of old computers, 
as called for in the editorial in the 
September 1998 issue. 

My first suggestion is that surplus 


computers could be used as email 
machines, Email doesn’t require a lot 
of computing overhead — it’s only text 
based, so there’s one use for old com- 
puters for you. For that matter, you 
could even use them for web brows- 
ing. There aren’t many computers that 
can’t keep up with even the speediest 
modems available today. An old 386 
with an early web browser should be 
fine for most web browsing. 

Anyway, this has diverted me 
(partly at least) off the track of my 
main suggestions, These were class- 
rooms and gifts to developing coun- 
tries. Since computer skills are be- 
coming a requirement in a large 
number of professions these days, it is 
advantageous for school kids to start 
acquiring skills as soon as possible. 
Not all public schools have the budg- 
ets of private schools and so can’t 
afford to buy the latest Pentium ma- 
chines for all students. However, an 
old computer would be a lot better for 
aschool student to learn on than noth- 
ing at all. 

You can run typing tutors on them — 
the keyboard of an old machine is 
pretty much the same as the keyboard 
of a new machine. You can also run 
simple DOS-based spelling software, 
etc. Just getting children familiar with 
computers and how to operate them 
isa very positive step. And once again, 
you could run a basic web browser 
and teach them WWW activities (need 
to watch that one of course!) 

My last suggestion is to give these 
old computer systems to developing 
countries, possibly for their class- 
rooms. As you've stated, it seems ri- 
diculous to throw a perfectly working 
computer on the scrap heap. So why 
not collect them and send them to 
developing nations where they could 
have similar educational benefits as 
mentioned in the previous paragraph, 
rather than letting them add to our 
landfill problems? 

Maybe you could get our foreign 
aid department, AusAID, to throw a 
smal] amount of money at a project to 
collect old computers, employ some- 


one to put all the pieces together in 
working units, then ship them off to 
some of our needy neighbours. It’s a 
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win-win situation! We reduce our 
landfill, improve ties with our neigh- 
bours and they get a valuable educa- 
tional tool. 

S. Stringer, 

Ainslie, ACT. 


More uses for 
old computers 

I bet there would be a lot of people 
out there interested in accepting old 
PCs otherwise destined for the tip, 
myself included. These come in to 
their own when connected to hard- 
ware where processing needs are not 
too great but where timing issues can 
complicate matters under Win95. A 
dedicated Pic/Eprom/Gal programmer 
comes to mind. A custom burglar 
alarm, CNC controller, data acquisi- 
tion, diagnostics and measurement, 
home brewing and networking with 
Linux are also possibilities. 

Maybe you don’t even need an en- 
tire PC. Embedded controller boards 
aren't cheap but an old motherboard 
may do the trick. You can ditch the 
monitor for an LCD character display 
or even disable the display and key- 
board in BIOS if you don’t need them. 
Many flavours of DOS will run froma 
floppy (no HDD required) or can be 
embedded and the application could 
even be placed in an Eprom. 

Software development is cheap/free 
with all the 8x86 tools out there. It’s 
usually only the drives etc that need 
voltages other than 5V, so it may be 
possible to substitute a simple linear 
supply. There are even plans on the 
Web for turning an old floppy drive 
into a robot! 

J. de Stigter, 

Frenchs Forest, NSW. 


Technical Aid To 
The Disabled 

I welcome the opportunity to intro- 
duce a unique charitable organisation 
called Technical Aid To The Disabled 
(TAD). Our mission statement is “to 
improve the quality of life of people 
with disabilities and those caring for 
them, though the application of tech- 
nology”. 

We provide three very needed serv- 
ices: (1) the Custom Designed Aids 
Service — developing custom-designed 
aids where commercial equipment is 
not available, utilising the skills of 


volunteers: (2) the Information Serv- 
ice — providing information on aids 
and technology to people with dis- 
abilities, rehabilitation and engineer- 
ing professionals; (3) the TAD/Gale 
Computer Loan Service — providing 
computers to people who have a 
disability. No other organisation in 
Australia provides these services. 

The Computer Loan Service is 
funded by the R. A. Gale Foundation. 
It lends used computers and ancillary 
equipment to people who have a dis- 
ability throughout NSW. This service 
has enabled hundreds of people who 
have a disability to become more 
independent with the use of acompu- 
ter. At present there are over 400 com- 
puters out on loan. 

The service is dependent on busi- 
nesses and the general public for do- 
nations of equipment. We accept do- 
nations of whole systems, part sys- 
tems, components and peripheral de- 
vices. It is a wonderful recycling proc- 
ess. Last year alone we received over 
2000 pieces of equipment. 

Clients received a 486 or better IBM 
or compatible PC. We provide the cli- 
ent with IBM PC DOS 7 and Windows 
3.1 (donated by IBM and Microsoft), 
The software provided includes 
shareware and special software. This 
service could not exist without volun- 
teers. At present there are 32 volun- 
teers who sort, test, repair, package, 
tutor and deliver the systems. The 
majority of the volunteers are retired 
engineers and computer technicians 
who come to the service once a week 
and utilise their skills. 

The Computer Loan Service is al- 
ways in need of more equipment. At 
present we need IBM compatible 386s 
and above, mice, monitors (VGA and 
SVGA), Inkjet printers, sound cards, 
components, cables, batteries. Also, 
in order to extend and improve our 
service, we need to recruit more vol- 
unteers to install, tutor and support 
clients. 

We also need people to deliver com- 
puters to clients and to collect do- 
nated equipment. If people would like 
more information about the services 
we provide, or would like to donate 
their obsolete equipment, or are inter- 
ested in becoming a volunteer, please 
contact TADNSW: John Travis, phone 
(02) 9808 2012; fax (02) 9809 7670. 


TADVIC: Martie Nash, phone (03) 9853 
8655; fax (03) 9853 8098. TADSA: Julie 
Sullivan, phone (08) 8261 2922; fax 
(08) 8369 1051. TADWA: John 
Weedon, phone (08) 9379 3733; fax 
(08) 9317 2833. TAD Queensland: 
Maureen Beny, phone (07) 3216 1733. 

By the way, we are having a 
TADDAY on 14th November from 9am 
to 1pm. You can donate and deliver 
old computer equipment to TAD, 227 
Morrison Rd, Ryde NSW or Somerville 
Road via James Craig Road, Container 
Terminal, Glebe Island, NSW. 

J. Trifunovic, 

TADNSW, Ryde. 


Donate old computers 
to schools 

I write with regard to your editorial 
in the September 1998 issue of SILI- 
CON CHIP. Yes, there is aneed and use 
for 386/486 vintage computers. I am 
an electronics, systems technology, 
robotics teacher (secondary) who 
could use such machines. My primary 
use would be to run the many pro- 
grams that run quite happily on Win- 
dows 3.1 (but need the colour capa- 
bilities) — programs such as LEGO Con- 
trol Lab, PC logo and the many other 
logo programs, Intellecta and the 
Softmark interface project from the 
last issue of SILICON CHIP, to mention 
but a few. 

My secondary uses would be to 
teach computer repair and upgrade 
skills to students. I believe some local 
schools are already into this activity. 

To emphasise the need, this year 
my school received a donation of 4 x 
486 computers, without monitors, 
mice or keyboards from Alcoa. Set- 
ting up the computers with monitors, 
etc, broke our budget and we may be 
able to find enough money with P & C 
help next year to provide software 
and site licences. 

I am at a reasonably well-off sec- 
ondary school in Perth but there are 
many other schools not so well off, 
especially the smaller primary schools 
(and country schools) who could also 
put such computers into productive 
classroom educational activities for 
their students. If you have such com- 
puters to give away, please contact 
your local schools. 

M. Callaghan, 

Maddington, WA. 
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N AC MILLIVOLTMETER is a 
A ital piece of test equipment 
if you want to measure the 
performance of audio equipment. For 
example, it is used in conjunction 
with an audio signal generator to meas- 
ure signal to noise ratio, frequency 
response, sensitivity, power output, 
channel separation, crosstalk, signal 
levels and amplifier gain. 

To measure some of the latest pieces 
of audio equipment you will need an 
AC Millivoltmeter which can meas- 
ure to very low levels, indeed, For 
example, a typical GD can have a sig- 
nal-to-noise ratio of as much as -104dB 
with respect to 2V. To verify that ratio, 
you need an instrument that can meas- 
ure down to 12.6uV. 

Similarly, our latest Class A Ampli- 
fier, which we published in the July & 
August 1998 issues, has a quoted sig- 
nal-to-noise ratio of -113dB with re- 
spect to its 15W (into 8Q) output 
power. This noise measurement cor- 
responds to a reading of just 24.5uV. 


LEFT: simple switching is a big feature 
of this new AC Millivoltmeter. It will 
measure audio noise signals down to 
less than one microvolt (14V) and 
shows the result on a digital readout. 


These are just two typical examples 
but they demonstrate that if you want 
to measure modern audio equipment, 
you need an instrument which can 
measure down to just a few microvolts. 
Unfortunately, such instruments are 
very expensive and can run into many 
thousands of dollars. 

Our new AC Millivoltmeter has 
been designed specifically to address 
the measurement problems associated 
with modern audio equipment. It can 
measure up to 200V RMS which means 
that you can use it to measure very 
high power amplifiers, 100V line lev- 
els in PA equipment or even signal 
levels in ultrasonic equipment. At the 
other end of the scale, for low level 
noise measurements, it can measure 
down to less than one microvolt (14V). 

And it’s a wide bandwidth instru- 
ment too. The upper limit of its fre- 
quency response is above 200kHz 
while at the low frequency end, it is 
-3dB down at 5Hz. 


Noise filtering 


When measuring audio noise sig- 
nals, it is usual to add in some form of 
filtering, so that you are not measur- 
ing wideband noise. For this reason 
we have provided a 20Hz to 20kHz 
bandpass filter which rolls off noise 
frequencies above 20kHz and below 
20Hz. This filter is used to obtain the 
“unweighted” signal-to-noise ratio 
measurements in audio equipment. 

Alternatively, “A” weighted meas- 
urements are often used for noise 
measurements. This type of filter is 
used because it duplicates the sensi- 
tivity of the ear at very low sound 
levels and so we obtain a better idea of 
how loud the noise will sound to us. 

“A” weighted measurements should 
always be compared with the un- 
weighted values. If the “A” weighted 
measurement is substantially better 
then you can usually assume that there 
is a fair amount of mains hum in the 
noise. Fig.1 shows the shape of the A- 
weighting filter used in our AC 
Millivoltmeter. 


Features 
Our prototype is housed ina plastic 


instrument case which measures 260 
x 190 x 80mm. It is powered from the 
240VAC 50Hz mains supply and is 
switched onat the front panel. A Neon 
indicator within the switch shows 
when the unit is on. 

Other controls on the front panel 
include three rotary switches, for the 
input attenuator, the filter selection 
and dB/V modes. There is one toggle 
switch for selecting “Earthed” or 
“floating” measurements and there is 
a potentiometer to set the reference 
level for ratio measurements such as 
signal-to-noise or crosstalk. Finally, 
there is a 34%/-digit LCD panel meter 
which displays readings in Volts, mV 
or in dB (decibels). 

The attenuator switch has six 
ranges, from 2mV (full scale) to 200V, 
giving a 20dB level change between 
successive ranges. Actually, while the 
measurement ranges are labelled 2mV, 
20mV, 200mV and so on, the panel 
meter is a normal 31/-digit display so 
that the maximum readings on these 
ranges are actually, 1.999, 19.99 and 
199.9mV respectively. 


Measure mode 


The Measure switch selects between 
Volts and dB. In dB mode, it displays 
arelative reading with a 0.1dB resolu- 
tion, The dB position is used for noise 
measurements and indicates the 
number of dBs (decibels) the noise is 
below a preset level. This preset level 
is adjusted using the “dB Set Level” 
control. 

Two insulated BNC sockets are pro- 
vided on the front panel, one for the 


Main Features 


© Measures AC volts in six 
ranges from 2mV to 200V 
RMS (20dB steps) 


© Measurement in dB from 
+40dB to more than -60dB 
below each range — 


© 31%-digit LCD panel meter- 


Flat, 20Hz to 20kHz and A- 
weighted filters f; 


Simplified switching 
Oscilloscope output 
@ input overload protection 
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Fig.1: this diagram shows the frequency response of the AC Millivoltmeter in 
Flat mode, for the 20Hz to 20kHz filter and for the A-weighting filter. The Flat 
response at 200kHz is -0.2dB. These measurements were taken at the moving 
contact of switch S2. 


signal input and one for a buffered 
version of the measured signal which 
can be fed to an oscilloscope. Assum- 
ing you are measuring a 1V sinewave 
on the 2V range, then the oscilloscope 
signal will be 100mV RMS or 282mV 
peak-to-peak. On the dB setting, the 
same 1V signal is about 100mV peak- 
to-peak and this will be constant over 
a wide range of input signals. What 
this means in practice is that the os- 
cilloscope can be set to 100mV/div 
and won't need changing for most 
measurements. 


Overload indication 


When reading Volts, the digital 
panel meter will indicate overrange 
automatically by displaying a “1”. An 
overrange indication suggests that the 
attenuator should be moved up a 
range. For dB measurements, there is 
an overload LED indicator which be- 
gins to glow when the Millivoltmeter 
circuitry is about to clip. Taking meas- 
urements with the overload LED alight 
will give incorrect readings. Again, 
you should switch up to the next range 
if the overload LED is on. 

The circuit is protected from seri- 
ous overload at the input with a fuse. 
For example, if you apply a 200V sig- 
nal to the Millivoltmeter when the 
attenuator is set to a much lower range, 
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the excessive current flow will blow 
the fuse. 


Earth/float switch 


Earth loops can be a real problem 
when making audio measurements 
and this is where the Earth/Float 
switch comes into play. Normally, the 
entire Millivoltmeter circuit is not 
connected to mains earth but if an 
oscilloscope is connected, the Milli- 
voltmeter will be earthed by the scope 
lead. Or it would be, if not for the 
Earth/Float switch. 

In the Float setting, the oscillo- 
scope’s signal lead shield is connected 
to the metal front panel of the 
Millivoltmeter and hence to the mains 
earth. In the Earth setting, the oscillo- 
scope signal earth is connected to the 
Millivoltmeter signal earth. But if no 
oscilloscope is connected, the Milli- 
voltmeter floats, regardless of the set- 
ting of the Earth/Float switch. 


Block diagram 

Fig.2 shows the block diagram of 
our new AC Millivoltmeter. The sig- 
nal to be measured is applied to the 
attenuator which effectively divides 
the input signal level to a 2mV (full 
scale) output regardless of the input. 
For example, with 200V applied, the 


attenuator divides the signal down by- 


a factor of 100,000 to obtain 2mV. 

Following the attenuator is an am- 
plifier with a gain of 34 and this is 
followed by a second amplifier with a 
gain of 29.4 and we obtain 2V with a 
2mV input signal. This second ampli- 
fier has a gain adjustment which is 
used to calibrate the instrument. 

The signal from the second ampli- 
fier is applied to the input of two 
filters, a 20Hz-20kHz bandpass filter 
and the “A” weighting filter which is 
a passive network followed by an 
amplifier. 

Filter switch S2 selects either the 
Flat (unfiltered), 20Hz-20kHz filter or 
“A” weighted signal and passes it to 
the Voltage Controlled Amplifier 
(VCA). Assuming for the moment that 
the Millivoltmeter is set to read Volts, 
the control input is grounded with 
switch S3a and the gain of the VCA is 
1, The 2V full scale signal is then sent 
to both the oscilloscope output di- 
vider (divide by 10) and the precision 
rectifier. 

Output from the precision rectifier 
is applied to both the error amplifier 
and the Volts input for switch S3b. 
The signal path from the error ampli- 
fier is provided for dB measurements. 
We will bypass this section for the 
moment and describe how the voltage 
measurement section operates. 


Voltage reading 


When switch S3b is in the Volts 
position, the DC output from the pre- 
cision rectifier is applied to inverter 
IC7a. This simply changes the sign of 
the DC voltage from -2VDC full scale 
to +2VDC full scale. The non-invert- 
ing input to IC7a is connected to an 
offset control to compensate for the 
offsets due to the various op amps in 
the circuit. 

Op amp IC7b acts as a level shifter 
to offset the output of IC7a so it can 
drive the panel meter input.This is 
required because the panel meter is 
designed to operate from a separate 
battery supply which is floating with 
respect to the input voltage. We will 
discuss this aspect later. 

Finally, the digital panel meter has 
its decimal points controlled by IC8. 
This selects the appropriate decimal 
point depending on the setting of the 
attenuator, S1a & Sib. 


dB readings 


When the Millivoltmeteris selected 
to read dB, the circuit operates in a 
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Fig.2: block diagram of the AC Millivoltmeter. It 
uses a liquid crystal display panel meter and a 
logarithmic VCA (voltage controlled amplifier) to 


minimise range switching. 


much different manner. The control 
input to the VCA is disconnected from 
ground via S3a and instead error am- 
plifier IC6a compares the precision 
rectifier output against a reference 
voltage at its non-inverting input and 
its output drives the control input to 
the VCA. The VCA is what its name 
implies; ie, its gain can be controlled 
via an input voltage. 

The circuit now operates in a feed- 
back loop whereby the error amplifier 
controls the gain of the VCA so that its 
output after rectification and filtering 
equals the value of the reference. With 
this control loop the output from the 
VCA is always the same regardless of 
input level, provided the VCA can 
provide sufficient gain. In fact, the 
gain of the VCA can be adjusted to 
such a level that noise generated in 
the Millivoltmeter circuitry can be am- 
plified sufficiently to equal the refer- 
ence voltage. 

“Well,” you might say, “so what?” 
“How does this allow the Millivolt- 
meter to measure in dB?” Well, the 
VCA that we are using has a special 
feature that allows the conversion of 
gain into dB via the control input 
which is logarithmic. This is ideal 
since dB scales are also logarithmic 


INVERTER 
Ic7, 


and the VCA has a gain specification 
of 30mV per dB. 

All we need to dois scale the 30mV/ 
dB to something more useful and we 
can directly read gain changes in dB 
on the panel meter. And this is what 
op amp IC6c does. It divides the input 
by 3 to obtain 10mV/dB. The ampli- 
fier is also offset by the set level po- 
tentiometer (VR4), which can adjust 
the amplifier output level without 
changing the 10mV/dB calibration. 
The set level pot is provided so that 
the dB reading can be set to zero ini- 
tially so that changes in signal level 
can be read directly in dB from the 
meter. 

Switch S3b selects the dB signal 
which is applied to IC7a. The follow- 
ing stages then operate as previously 
described. 

Overload indication for the dB sig- 
nal reading is provided using compa- 
rator IC6d. This monitors the control 
voltage of the VCA and drives the 
overload LED if the VGA is attenuat- 
ing the signal to such an extent that 
the input amplifiers are clipping. 


Circuit description 
The full circuit for our new AC 
Millivoltmeter is shown in Fig.3. Its 


performance relies on low noise op 
amps IC1 and IC2 and on the special 
low noise and logarithmic voltage con- 
trolled amplifier IC4, The Millivolt- 
meter’s noise performance is mainly 
due to the use of an OP27 or LM627 
op amp as the first stage of amplifica- 
tion. These op amps are very quiet in 
terms of noise and their 700kQ input 
impedance allows us to use a rela- 
tively high input impedance for the 
attenuator. 

The input signal is AC-coupled to 
the attenuator via a 1F capacitor. In 
conjunction with the 110kQ imped- 
ance of the attenuator, the 14F capaci- 
tor rolls off frequencies below 1,4Hz. 
The attenuator comprises a series 
string of resistors with tappings to 
divide by 10, 100, 1000, 10,000 and 
100,000. The step between each range 
changes by a factor of 10, or a ratio 
20dB. 

Signal from the attenuator passes 
through to the non-inverting input of 
IC1 via two 47Q resistors and fuse F1. 
The fuse is included as a protection 
for IC1’s input. Ifa 100V signal, say, is 
applied to the input and the attenuator 
is set to the 2mV position, the exces- 
sive voltage swing will cause diodes 
D1 and D2 to clip the signal to +15.6V 
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Fig.3: the circuit can be broken up 
into a number of sections. First, there 
is the attenuator followed by two op 
amps with a combined gain of 1000. 
These are followed by the filter stages 
and the VCA (IC4) which greatly 
simplifies the switching required. 
There is a precision rectifier which 
provides the DC signal measured by 
the panel meter. 


VIEWED FROM 
BELOW 


Ih 


o 
AC MILLIVOLTMETER 


VOLTS 


and -15.6V and if the current is high 
enough, the fuse will blow. 

The diodes are fast recovery types 
to ensure that their capacitance does 
not affect the frequency response of 
the amplifier under normal operating 
conditions. 

IC1 provides a gain of 34, as set by 
the 3.3kQ and 1009 feedback resis- 
tors connected to pin 2. A 39pF ca- 
pacitor in parallel with the 3.3kQ feed- 
back resistor rolls off the high fre- 
quency response above 1.2MHz, This 
prevents oscillation of the amplifier 
but the rolloff frequency is sufficiently 
high not to affect the frequency re- 
sponse of the amplifier up to 200kHz. 

Op amp IC2a functions in a similar 
manner to IC1 with the only differ- 
ence being the gain adjustment pro- 
vided by trimpot VR1. This is ad- 
justed so that the combined gain of 
IC1 and IC2a is 1000. This is part of 
the calibration procedure. 


S3c 


DIGITAL PANEL METER 


Filter stages 


IC2a drives the filters. Op amp IC3a 
is a 20kHz low pass filter followed by 
IC3b as a 20Hz high pass filter and 
they combine to provide the required 
20Hz to 20kHz bandpass response. 
The filters are Sallen-Key, alternatively 
called Voltage Controlled Voltage 
Source (VCVS) types. Both filters are 
set with a gain of 1 in the passband. 

The “A” weighting filter is a pas- 
sive RC type which has a loss of 3dB 
at 1kHz which is compensated for by 
op amp IC2b to give an overall gain of 
unity (1) at 1kHz. 

Switch $2 selects the filter output 
and it feeds IC4, the VCA, via a 10uF 
bipolar capacitor. In conjunction with 
the 18kQ input resistor, the 10uF ca- 
pacitor provides a low frequency 
rolloff (-3dB) at 0.88Hz. 

IC4 is an SSM2018 VCA made by 
Analog Devices Inc. It has a dynamic 
range of 117dB, .006% distortion at 
ikHz and unity gain, and a control 
range of 140dB. Its gain is varied by 


D5-D8 
AxIN4004 
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Input impedance .. 
AC reading accuracy... 
dB linearity 
Flat frequency response ... 
20Hz to 20kHz filter response 
A-weighting response .... 
Noise floor... 


Oscilloscope output 


the voltage at pin 11. The 100kQ resis- 
tor between pin 12 and the +15V sup- 
ply rail sets the bias level for the out- 
put at pin 14. This bias can be se- 
lected for class A or class B operation. 
Class A gives better distortion while 
class B provides better noise perfor- 
mance. We opted for class B operation 
in order to obtain the better noise 
performance. 

The output of IC4, pin 14, connects 
to the precision rectifier and the oscil- 
loscope attenuator. The attenuator 
consists of the 62kQ and 6.8kQ resis- 
tors which divide the signal by a fac- 
tor of about 10. The 1MQ loading of 
the oscilloscope input will not affect 
the signal level or the performance. 


Precision rectifier 


IC5a & IC5b are connected as the 
precision rectifier. These op amps ef- 
fectively remove the 0,6V forward volt- 
age drop of the diodes so that very 
small signals can be rectified without 
error. 

For positive signals, the output of 
IC5a goes low to reverse bias diode D3 
which effectively disconnects it (IC5a) 
from the summing junction of IC5b. 
Diode D4 and the 3.3kQ resistor be- 
tween pins 6 and 7 of IC5a limit the 
negative swing of IC5a. So positive 
signals are fed to IC5b via the 20kQ 
resistor and its 22kQ feedback resistor 
gives a positive signal gain of -1.1. 

For negative signals, diode D3 con- 
ducts and IC5a acts as an inverting 
amplifier with a gain of -1. This gain 
is set by the 3.3kQ input resistor to 
pin 6 and the 3.3kQ resistor from pin 
6 to the cathode of D3. This inverted 
signal is summed in IC5b via the 10kQ 
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- 110kQ unbalanced 
2% 
0.5dB over 60dB range 


..-3dB at 5Hz and -0.2dB at 200kHz 


. -3dB at 21Hz and 21kHz 
. see Fig.1 


+ 640B below 1mV with 20Hz to 20kHz filter; 


68dB below 1mV with A-weighting 


200mV at full scale volt reading; 
nominal 100mV P-P on dB setting 


resistor from the cathode of D3 to the 
pin 2 input. Negative signals are also 
fed to pin 2 of IC5b via the 20kQ 
resistor. Since the signals across the 
20kQ resistor and the 10kQ resistor 
are equal but exactly opposite in value 
and the 10kQ resistor is exactly half of 
20kQ, the net result is a negative sig- 
nal gain of -1.1. 

So positive signals applied to the 
full wave rectifier will have a gain of 
-1.1 and for negative signals the gain 
is 1.1. Thus the rectifier output goes 
negative for both positive and nega- 
tive input signals. 

A 10uF capacitor across the 22kQ 
feedback resistor of IC5b results in a 
negative DC voltage output at pin 1 
which is proportional to the input 
signal. Since IC5b has a gain of 1.1, 
the DC output is actually proportional 
to the RMS value of the signal, pro- 
vided the input is a sinewave. (Form 
factor of a sinewave is 1.1; RMS/aver- 
age = 1.1). 

The precision rectifier output is fed 
to the voltage measuring circuitry via 
switch S3b and to the error amplifier, 
IC6a. This has a gain of -100 and com- 
pares the rectified signal against a ref- 
erence voltage at its pin 3 non-invert- 
ing input. The output of ICéa then 
drives pin 11 of IC4. 

The circuit operates in a feedback 
arrangement whereby the gain of IC4 
is continually adjusted by IC5a so that 
the voltage from the full wave recti- 
fier equals the reference voltage. 

The reference voltage at IC6a’s pin 
3 input is derived from REF1. an 
LM336-2.5V. Trimpot VR2 sets the 


maximum reading for signal-to-noise 


ratio of the Millivoltmeter. 


REF1’s -2.49V is inverted with op 
amp IC6b to give +2.49V. This posi- 
tive and negative reference and 
trimpot VR4 provides an offset ad- 
justment for op amp IC6c, to zero the 
dB reading on the panel meter. 

The control input to IC4 at pin 11 is 
logarithmic at 30mV/dB and we use 
this to provide the dB measurement 
mode. IC6c attenuates the output from 
IC6a to 10mV/dB, 


Overload indication 


The voltage applied to pin 11 of IC4 
is monitored by comparator IC6d. If 
the voltage reaches about +0.8V as set 
by the 18kQ and 1kQ divider at pin 5, 
the output of IC6d goes low to drive 
LED1. A voltage above 0.8V means 
that the VCA is attenuating the signal 
to such an extent that the input stages 
are overloading, 

Switch S3a connects pin 11 of IC4 
to ground (OV) for Volts measurements, 
This fixes the gain of IC4 at 1. 

S3b is the second pole of switch $3. 
It selects between the output of the 
full-wave rectifier for Volts measure- 
ment and the output of IC6c for dB 
readings. The signal from the wiper of 
S3b is fed to inverter IC7a. This in- 
verts the voltage and dB readings so 
that the panel meter will show the 
correct polarity for dB measurements. 

VR5 provides offset adjustment for 
IC7a to ensure that the digital panel 
meter shows OV when no signal is 
present. It is adjusted to compensate 
for the offsets produced in IC5a, IC5b, 
IC7a and IC7b. IC7b level shifts the 
output of IC7a to allow for the input 
offset of the digital panel meter. This 
occurs because the panel meter runs 
from a separate supply rail. 


Digital panel meter 

The digital panel meter has differ- 
ential inputs IN(-) and IN(+) and re- 
quires a 9V power supply between its 
Batt (+) and Batt (-) terminals. Its 
IN(-) is fixed at 2.8V below Batt (+). 
This 2.8V is the reference for the me- 
ter so that it reads accurately. 

The only way to use the panel me- 
ter when a separate 9V supply is not 
available is to make sure that IN(-) is 
kept at 2.8V below Batt (+). We do this 
by pulling IN(-) up via a 1kQ resistor. 
This feeds current into the internal 
reference of the panel meter which 
allows us to draw some current out 
without starving it. The 10kQ resistor 
from pin 5 of IC7b to the IN) input 


All the circuitry is mounted on two PC boards with virtually no off-board 
wiring. We'll give the full construction details in next month’s issue. 


biases the op amp output to the IN(-) 
voltage. When the output of IC7a is at 
OV, then the IN(+) is at 2.8V below 
Batt(+). Since this is the same as IN(-) 
the meter will read zero. 

Thus the circuit fulfils the require- 
ment, keeping the IN(-) input as is but 
applying an offset to the IN(+) input 
which is equal to the voltage at IN(-). 

Pin 7 of IC7b provides 2V at full 
scale for the meter but since the panel 
meter requires 200mV at full scale 
this voltage is divided down by a fac- 
tor of 10 by the 10kQ and parallel 
connected 910kQ and 100kQ resis- 
tors. 


Decimal point switching 
Switches S1b and S3c and IC8 pro- 
vide decimal point switching for the 
panel meter. S1b is the second pole of 
the attenuator switch Sta. Position 1 
(2mV) and position 4 (2V) are con- 
nected together, position 2 (20mV) and 
position 5 (20V) are connected to- 
gether and position 3 (200mV) and 


position 6 (200V) are also connected 
together. When S3c is in the Volts 
position, the wiper of S1b can apply 
9V to either the A, B or C input of IC8. 
The other inputs are held low via the 
10kQ pulldown resistors. 

IC8 can be regarded as a 3-pole 2- 
way switch controlled by the A, B and 
C inputs. When the A input is low, 
pin 12 (ax) is connected to at pin 
14. Similarly, when B is low, then bx 
connects to “b”. Finally, when C is 
low, cx connects "c". If one input is 
high, then the “y” terminal for that 
switch pole is connected with the “x” 
wiper open. For example, if we have 
the A input high, the ay terminal at 
pin 13 connects to 

The ay, by and cy terminals all con- 
nect to the inverted backplane signal 
(BP-bar) from the panel meter, while 
the ax, bx and cx terminals connect to 
the backplane (BP). A decimal point 
can be switched on by connecting it to 
the BP-bar signal while the BP will 
switch it off. 


While switch S1b controls the deci- 
mal point selection when the meter in 
Volts mode, it is effectively switched 
out of circuit when S3c is changed to 
the dB position. In this setting, the A 
input of IC8 is pulled high to connect 
the BP-bar signal to the “a” terminal 
at pin 14. This switches on decimal 
point DP3. 


Power supply 


Power for the Millivoltmeter is de- 
rived from the 240VAC mains via a 
30V centre-tapped transformer sup- 
ply which is rectified with diodes D5- 
D8 and filtered with 1000uF capaci- 
tors to provide a nominal plus and 
minus 21V DC supply. 3-terminal regu- 
lators REG1 and REG2 provide regu- 
lated +15V and -15V supplies for the 
op amp circuitry. 

The 9V rail for the panel meter and 
IC8 is derived from the +15V via a 
470Q resistor and zener diode ZD1 
which is bypassed with a 100pF ca- 
pacitor. 

Next month, we will describe the 
construction, setting up and testing of 
the AC Millivoltmeter, sc 
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Feeling stressed or calm? The Stres 
develop methods to lower your stress 


By RICK WALTERS 


Don’t blow your stack. Keep 
your temper in check with the 


Stresy- bie Meter 


This little fun project interfaces with the games port on your PC. 
You put your finger in the side of the case and it measures your 


pulse rate. It also measures your skin resistance. The computer 
then calculates your “stress level” and displays it on the screen. 
Are you highly stressed? Find out with our Stress Meter. 
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builds up gradually and you 

tend not to notice it but the 
people around you certainly do. They 
see when you're about to bite the car- 
pet or crawl up the wall. If you can 
measure stress and then calm yourself 
down, it will make you a more pleas- 
ant person and maybe you will live a 
lot longer. 

Of course no machine can calm you 
down directly. It takes medicine, or 
your awareness of the problem, to do 
something about it. Once you have 
measured your stress level, you can 
begin to carry out procedures to re- 
duce it. These are outlined later. 


S TRESS IS QUITE INSIDIOUS. It 


The Stress-O-Meter consists of a 
small black box (well, it is black, isn’t 
it?) containing the electronics, which 
is connected to the printer and games 
ports of a PC-compatible computer. 
The PC must have a VGA monitor, 
Sensors to monitor your skin resist- 
ance are connected to two fingers of 
one hand and your pulse rate is read 
from your other hand’s index finger. 

This information is fed to the com- 
puter by the black box and your pulse 
rate is calculated and displayed, along 
with the stress value. The latter value 
is updated every 10 seconds, to allow 
you to monitor your progress. An au- 
dible tone is generated which rises 


and falls in frequency as your stress 
level increases or reduces. 


Circuit details 

The circuit of the stress meter is 
shown in Fig.1 and while it does not 
look too complicated, there are a 
number of concepts to be covered. 

Two connections must be made from 
the black box to the PC, via the paral- 
lel port and the games port. Power for 
the circuit is taken from the games 
port and it also receives the signal for 
the skin resistance, 

The circuit to measure pulse rate 
consists of IRLED1, PD1, IC1 and IC2a. 
IRLED1 is an infrared light emitting 


1800 


A 
IRLEDI 
1TE4208 
K 


STRESS-O-METER a 


Fig.1: the circuit measures your pulse rate and Galvanic skin resistance (GSR) and this information is 
processed by your computer to produce a stress display. 
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Interfacing To The PC Games Po 


The games port on a PC has pro- 
vision for two joysticks and four but- 
tons. Each joystick consists of two 
variable resistors, one handling the 
X-direction, the other handling the 
Y-direction. In this project we only 
use the X-direction input, identified 
in Basic as STICK(0). 

When this resistor is varied, the 
count (generated by a quad 555 
timer on the games card) varies from 
0 to 255. If you have an older ma- 
chine this will probably be the case. 
Some of the newer sound cards are 
fitted with a MIDI port, which ap- 
pears to double as a games port, 
and they seem to only be capable of 
100 counts. 

You can test this by wiring a 250kQ. 
potentiometer across pins 1 & 3 of 
the 15-way D-type games plug and 


diode, which is positioned above PD1, 
a photodiode which is sensitive to 
infrared radiation. When your finger 
is placed between these devices it re- 
duces the light falling on the 
photodiode but as the blood pulses 
through your finger, the amount of 
transmitted light varies. 


Tek Run: 100kS/s Sample 
PR Mk 


from Basic (GW or Q) type 10 PRINT 
STICK(0):; GOTO 10 then running 
the program. Pressing and holding 
down the Ctrl (control) key while 
pressing the Break/Pause key will 
get you out of this loop. 

As you vary the resistance, the 
value of STICK(0) will change from 
zero at minimum resistance to some 
maximum value before jumping back 
to zero. Avalue slightly less than the 
resistance that gives the maximum 
count should be used in parallel with 
the LDR instead of the 240kQ shown 
on the circuit. If you cannot reach 
200+ counts the card is not suitable 
for this project. 

Older-style games cards should 
work and can probably be purchased 
from your local computer store and 
from flea markets. 


This change is amplified by op amps 
IC1a and IC1b which have an overall 
DC gain of unity, which means that 
the DC voltage at pin 7 of IC1b will be 
the same as that across PD1. This is 
due to the inclusion of the 10uF ca- 
pacitors in series with the 4.7kQ feed- 
back resistors. 


a 


Chi Pk-Pk 
5.2V 


Chi RMS 
2.46V 


Chi Mean 
20.94mV 


T V 
Ref1 1v O0us 


soomV MS00us Chi 7 


OV 


Fig.2: these scope waveforms show the process of turning the square wave 
output from IC4 into an approximate sinewave. The top trace shows the square 
wave output at pin 3 of IC4, the middle trace shows the triangle waveform and 
the bottom waveform is the sinewave approximation. 
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Your (typical) pulse rate is around 
80 per minute which is a frequency of 
1.33Hz, so we need an amplifier with 
lots of gain at this frequency to am- 
plify the small variations detected by 
PD1. 

The AC gain is 47.8 (220kQ/4.7kQ. 
+1) for IC1a and the same for IC1b, 
giving a total AC gain of 2286. Now 
you can understand why we needed a 
DC gain of unity. If the DC gain was 
also 2286, a level of only +2.2mV at 
PD1 would cause the output from IC1b 
to sit at +5V (2.2mV x 2286) and it 
could never amplify any input signal 
bigger than, say, 1.5mV. 

The output of IC1b is fed to the non- 
inverting input of IC2a which is used 
as a comparator, Its inverting input, 
pin 2, is held at +4V by the 47kQ and 
12kQ resistors. When pin 7 of IC1b 
exceeds this level, pin 1 of IC2a will 
swing to the +5V supply. The 2.2MQ 
positive feedback resistor between 
pins 1 & 3 squares up this input sig- 
nal; ie, makes the slow input transi- 
tion into a rapid output transition. 
This pulse signal is fed to the PC via 
the printer port and then processed 
by the software. 

The software (subroutine 3000) 
records the period between six con- 
secutive pulses and computes the av- 
erage. This value is then displayed 
on-screen beneath the stress chart, as 
your average pulse rate. Your initial 
stress value is twice your measured 
pulse rate. So if your pulse rate is 90, 
the stress value is 180. 


Galvanic skin resistance (GSR) 


Your skin resistance, usually re- 
ferred to as GSR (galvanic skin resist- 
ance), is then measured by IC2b, which 
is connected as a unity gain inverter. 

The GSR electrodes are connected 
to two fingers on one hand, as men- 
tioned earlier, and the resistance across 
them forms a voltage divider with the 
100kQ resistor connected to the +5V 
rail. For convenience, let’s say your 
GSR is 100kQ. In this case, the voltage 
fed to IC1b will be +2.5V. 

Pin 5 of IC2b is connected to the 
output of IC3, an octal buffer. This is 
configured as a digital-to-analog con- 
verter (DAC). IC3’s inputs, D0-D7, are 
connected to the corresponding par- 
allel port data lines which are capable 
of outputs between 0 and 255 (8 bits, 
28 = 256). The output bits of IC3 are 
summed in what is called an R.2R 
ladder. A digital input of zero will 


give an output of OV, while an input of 
255 will give an output of +5V, with 
intermediate digital inputs giving cor- 
responding analog outputs. 

Some readers may wonder why the 
R.2R ladder could not simply be con- 
nected to the parallel port outputs 
directly. Well, it could have but be- 
cause the logic levels from the com- 
puter may not be exactly OV (low) and 
may be considerably less than +5V 
(high), it is better to use IC3 to ensure 
that the DAC outputs do range be- 
tween OV and +5V. 

The software now begins to output 
counts (subroutine 4000) until the 
output of the DAC is close to the GSR 
voltage. In other words, the GSR volt- 
age at pin 6 of IC2 will be equalled by 
the DAC output voltage at pin 5. 

If you look at the circuit you will 
observe that the output of IC2b (pin 7) 
is fed to IC4 and a 47kQ resistor which 
feeds IC2b’s output voltage to LED1. 

This LED shines ona light depend- 
ent resistor, LDR1. Its resistance de- 
pends on the amount of light falling 
on it. In darkness, its resistance is 
around 10MQ and with a bright light 
itis around 300Q. A 240kQ resistor is 
wired in parallel with it. 

What actually happens is that the 
DAC output is increased until the 
STICK(0) reading equals the stress 
value and this STICK(0) value is then 
used as the reference for all future 
stress readings. (If you are not famil- 
iar with STICK(0) read the GAMES 
PORT panel). 


Audible indicator 

As well as the screen display, the 
circuit also provides a tone output 
which reflects the value of your skin 
resistance. The output of IC2b is pro- 
portional to your skin resistance and 
itis used to control the VCO section of 
IC4 which is a 74HC4046 phase locked 
loop. Weare only using the VCO (Volt- 
age Controlled Oscillator) of this chip. 
A VCO varies its output frequency in 
sympathy with its input voltage; so 
the higher the input voltage, the higher 
the frequency. 

The operating frequency is set by 
the .039uF capacitor between pins 6 & 
7 and the value of the resistance from 
pin 11 to ground. Hence, you can use 
VR1 to set to the initial frequency to 
suit. Some people like it high and 
others like it low. 

The output frequency from pins 3 & 
4 of IC4 is a square wave and the last 


1 PC board, code 07111981, 107 
x 77mm 

1 plastic box, 150 x 90 x 50mm 

157mm 8Q speaker 

1 25-way “D” male PC mount 
rightangle connector (CN1) 

1 15-way “D” male solder-pin 
connector (CN2) 

3 8-pin IC sockets (IC1,2,5) if 
required 

1 16-pin IC socket (IC4) if 
required 

1 20-pin IC socket (IC3) if 
required 

2 knobs to suit VR1,VR2 

2 4mm banana sockets 

2 4mm banana plugs 

12 PC stakes 

4 M3 x 6mm countersunk screws 

4 M3 x 6mm round-head screws 

4 M3 x 20mm tapped spacers 

4 small adhesive rubber feet 

250 x 18mm self-adhesive Velcro 

2 aluminium foil strips, 210mm x 
36mm 

1 100k® linear potentiometer 
(VR1) 

1 1kQ logarithmic potentiometer 
(VR2) 

1 floppy disc with Stress.Bas 
software 


Semiconductors 

{ TLO72 dual op amp (IC1) 

1 LM358 op amp (IC2) 

1 74HC573 octal buffer (IC3) 

1 74HC4046 phase locked loop 
(IC4) 

1 LM386 audio amplifier (IC5) 


thing you need if you are stressed is to 
listen to a harsh square wave. The 
4.7kQ and .068uF capacitor shape the 
square wave to an exponential trian- 
gular waveform, which is then shaped 
to a sinewave approximation by the 
4.7kQ resistor and diodes D1 and D2. 

The filtering process is shown in 
the digital scope waveforms of Fig.2. 
The top trace shows the square wave 
output at pin 3 of IC4, the middle 
trace shows the triangle waveform and 
the bottom waveform is the sinewave 
approximation. No. it isn’t perfect but 
it’s definitely better than listening toa 
square wave. 

The sinewave is then fed to VR2 


1 LTE4208 IR LED, DSE Cat Z- 
3235 or equivalent (IRLED1) 

1 5mm red LED (LED1) 

1 LTR536A photodiode, DSE Cat 
2Z-1956 or equivalent (PD1) 

1 ORP12 light dependent resistor, 
Jaycar Cat RD-3480 or equival- 
ent (LDR1) 

2 1N914 small signal diodes 
(D1,D2) 


Capacitors 

2 100uF 16VW PC electrolytic 

3 10uF 16VW RBLL (low leakage) 
PC electrolytic 

2 0.22uF MKT polyester 

4 0.1uF MKT polyester 

1 .068uF MKT polyester 

1 .039uF MKT polyester 


Resistors (0.25W, 1%) 


13.3MQ 9 20kQ 
12.2MQ 118kQ 
1 1.2MQ 115kQ 
21MQ2 112kQ 
1 240kQ 7 10kQ 
2 220kQ 44.7kQ 
4 100kQ 11802 
2 47kQ 1102 
Miscellaneous 


Tinned copper wire, hookup wire 


Software Availability 

The software forthe Stress-O-Meter 
(Stress.Bas) is available on a 3.5- 
inch floppy disc from Silicon Chip 
Publications. Cost: $10 (includes 
p+p). 


which sets the signal level to the power 
amplifier IC5. This can be turned right 
down if you don’t need it or don’t like 
it. As your stress level reduces, the 
frequency you initially set with VR1 
will lower (your GSR will increase as 
you relax causing the output of IC2b 
to fall), although this may be at such a 
slow rate that it will be impercepti- 
ble. 

Let’s now summarise what the cir- 
cuitand the software actually do. First, 
the circuit measures your pulse rate 
and displays it on-screen together with 
your stress value which is twice the 
pulse rate. From then on, your pulse 
rate is ignored unless you restart the 
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Fig.3: follow this diagram when assembling the 

PC board and wiring up the case. The two leads 
marked CN2 go to the D-connector for the games 
port on your computer. 


CNI DB25M= 


ee eeeereesre 


program by pressing “R” (without the 
inverted commas) on the keyboard. 
The circuit then measures your skin 
resistance and the DAC output counts 
up to match that value. IC2b’s output 
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is used to vary the operating frequency 
of the VCO in IC4. You initially set 
IC4’s frequency with trimpot VR1 and 
as your skin resistance changes it will 
cause the frequency to vary from the 


initial measurement but usually only 
by a small amount. 

If you have managed to reduce your 
feelings of stress, by slow deep breath- 
ing etc, your lowered heart rate will 


only be taken into account if the pro- 
gram is restarted. 


Software subroutines 


The software is segmented into 
small subroutines which should make 
it easy to follow. Subroutine 1000 de- 
fines a function to centre text, a func- 
tion to clear to the end of the current 
line, the different screen colours 
which can be displayed and various 
values which are used in the program, 
By defining all these values here this 
is the only place where a value has to 
be altered if a change is needed, in- 
stead of going through the whole pro- 
gram searching for and altering each 
value. If you wish to use the second 
printer port (LPT2) change line 1600. 

Lines 1230 to 1360 draw the open- 
ing screen and write the SILICON CHIP 


logo. Subroutine 2000 draws the col- 
oured stress blocks. As we have previ- 
ously mentioned subroutine 3000 
computes your pulse rate. Because of 
the long time constants used in the 
pulse amplifiers (220kQ + 4.7kQ and 
10uF), it takes several seconds for the 
circuit to stabilise. 

Normally, with your finger removed, 
IRLED1 is shining on the photodiode 
and the output voltage at pin 1 of IC2a 
is +5V, causing both 10uF electrolytics 
to charge to this voltage. When you 
insert your finger between IRLED1 and 
the photodiode, the output voltage 
drops close to OV but it takes time for 
the electrolytics to discharge to this 
level. As they discharge, the pulse 
reading becomes erratic. When you 
press the spacebar, you hear the beep 
which is sounded each time the com- 


This photo shows how 
the assembled PC 
board is mounted on 
the lid of the 

case, using spacers and 
machine screws. The 
speaker can be glued to 
the lid using silicone 
sealant or contact 
adhesive, 


parator output swings high. 

When these beeps become regular 
you press the spacebar again and the 
next five pulse durations are recorded, 
These are averaged on line 3230 and 
the value is written to the screen on 
line 3250. 

In subroutine 4000, the digital out- 
put to the printer port is ramped up, 
starting from count 60. This is done 
because IC2b is not operating in a 
linear mode at this time. Input pin 6 
has +2.5V applied and pin 5 is at 
ground (OV). Since IC2 is operating 
without a negative supply, the first 
50-60 counts will not change the out- 
put. 

As we ramp up the digital count, 
the voltage applied to pin 5 of IC2b 
(and thus the output voltage at pin 7) 
is also increasing. This voltage sup- 


Resistor Colour Codes 


ia No. Value 
a 1 3.3MQ 
Q 1 2.2MQ 
im) 1 1.2MQ 
a 2 1MQ 
a 1 240k 
QO 2 220k0 
fa 4 100kQ 
Q 2 47kQ 
Q 9 20kQ 
a 1 18kQ 
a 1 15kQ 
Qa 1 12kQ 
T 7 10kQ 
E} 4 4.7kQ 
o 1 1802 
qa 1 100 


4-Band Code (1%) 
orange orange green brown 
red red green brown 

brown red green brown 
brown black green brown 
red yellow yellow brown 

red red yellow brown 

brown black yellow brown 
yellow violet orange brown 
red black orange brown 
brown grey orange brown 
brown green orange brown 
brown red orange brown 
brown black orange brown, 
yellow violet red brown 
brown grey brown brown 
brown black black brown 


5-Band Code (1%) 

orange orange black yellow brown 
red red black yellow brown 
brown red black yellow brown 
brown black black yellow brown 
red yellow black orange brown 
red red black orange brown 
brown black black orange brown 
yellow violet black red brown 
red black black red brown 
brown grey black red brown 
brown green black red brown 
brown red black red brown 
brown black black red brown 
yellow violet black brown brown 
brown grey black black brown 
brown black black gold brown 
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Most of the parts, including the DB25M connector, are mounted on the PC 
board. Note the plastic tube fitted to LED1 and LDR1 (see text). 


plies a current to LED1 which will 
illuminate LDR1, causing its resist- 
ance to fall and consequently the count 
from STICK(0) to fall. Read the panel 
titled “Interfacing To The Games Port” 
if you don’t understand this. 

Once it reaches PCAL, the pulse 
calibration count, this subroutine is 
completed. The final step is subrou- 
tine 5000 which continuously takes 
the average of 10 GSR readings over 
10 seconds and moves the indicator 
on the stress graph to reflect these 
GSR changes. 

The output from the games card is 
not rock steady, changing by a couple 
of counts up and down with a fixed 
resistance input. So a variation of one 
ortwo counts in successive stress read- 
ings should be ignored. What matters 
is the overall trend. 


Putting it together 

All the circuitry for the Stress-O- 
Meter and the 25-pin D-socket is 
mounted on a PC board measuring 
117 x 77mm and coded 07111981. 
The PC board should be inspected for 
shorts between parallel tracks or where 
tracks run between IC pads. Also check 
for any hairline open circuit tracks or 
undrilled holes. Any defects should 
be fixed before installing the parts. 

The complete wiring diagram for 


STICK ON 20mm x 18mm 
NON-ADHESIVE VELCRO 


SPREAD 
Af] WIRE 
YJ STRANDS 


\ 


Fig.4: you need some 
self-adhesive Velcro 


105mm x 36mm STRIP OF ALUMINIUM FOIL 
FOLDED TO 18mm WIDE 


DIMENSIONS IN MILLIMETRES 
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and aluminium 
cooking foil to make 
the GSR electrodes. 


Listings are a series of instruc- 
tions which Basic executes, one by 
one. As it functions by interpreting 
key words any misspelt or illegal 
instructions will cause the program 
to stop or malfunction. Any text that 
appears after an apostrophe (') is 
only there to help you (and me) un- 
derstand the logic behind the pro- 
gram; itis ignored by Basic. There is 
no need to type in the apostrophe or 
any following text to get the program 
working. 


QBasic 

If you have QBasic, you can load 
it by typing QBASIC. The listing can 
now be typed in and saved by using 
the mouse and clicking on FILE then 
SAVE, naming it STRESS. As you 
enter the program, any errors will be 


the Stress-O-Meter, including the wir- 
ing inside the plastic box, is shown in 
Fig.3. When assembling the board, fit 
the link, the PC stakes and then the 
diodes and resistors. Then insert the 
capacitors, followed by the ICs. IC 
sockets are optional, 

Make sure that the electrolytic ca- 
pacitors are installed with correct po- 
larity. A reversed electrolytic can work 
for a while, gradually getting hotter 
and hotter, until it explodes with a 
bang. To have the capacitor’s case 
whistle past your ear or worse, hit 
you in the eye, is no fun. The smell 
also lingers for quite a while. More 
often the electrolytic doesn’t explode 
but expires with a stream of hot, 
smelly electrolyte. 

Of course, I have NEVER installed 
one backwards, it’s only other people 
telling me what happens that lets me 
pass on this information. (That’s his 
story! ...Ed.) 

A short length of black heatshrink 
sleeving should be slid over LED1 
and LDR1 should be pushed up close 
to the LED, A piece of Blu-Tak or 
similar material should then be used 
to block both ends of the sleeve, as 
any ambient light falling on the LDR 
will upset the testing. 

Mount the photodiode (PD1) on the 
copper side of the PC board so that its 
leads sit against the PC board and it 
protrudes through the large hole with 


How To Enter Basic Listings 


flagged and you will be able to cor- 
rect them. QBasic will also ask you 
to save the file before you exit the 
program. Most line numbers are un- 
necessary; the only ones required 
are the first lines of each subroutine 
(1030,2030, etc). 


GW Basic 

If you have GW Basic but have 
not used it before, or don’t have a 
directory named BAS, then from the 
root directory C:\type MD BAS (then 
press Enter). This will create a di- 
rectory named BAS. Now type CD 
BAS and you will be in the basic 
directory you have just created. 

Now type GWBASIC. If you get 
the message ‘file not found’ it means 
that your DOS directory, where GW 
Basic should be located, is not in 


its face parallel to the board. Don’t 
poke its leads through the PC board 
holes, as your finger can touch them 
when you are taking a pulse measure- 
ment; just solder them to the pads. 

If you must poke them through, cut 
them off flush with the PC board and 
cover them with a piece of electrical 
tape. Sleeve the lead that is not con- 
nected to earth so that it doesn’t short 
out to the track it runs across. 

IRLED1 can be mounted so that it is 
above your finger or, as the photo- 


your path statement. The simplest 
solution is to type COPY \DOS\ 
GWBASIC.EXE and then press En- 
ter. This will copy it to the BAS direc- 
tory. 

To run a GW Basic program, 
change to the BAS directory (CD 
BAS) then type GWBASIC NAME, 
in this case GWBASIC STRESS in 
upper or lower case. 

If you are entering the program 
and get sick of typing, just type RUN 
5 (then press Enter) to save what 
you have typed in so far (as long as 
you have typed in line 5). The com- 
ments which applied to QBasic re- 
garding apostrophes and subse- 
quent text also apply here. 

You can exit from GW Basic by 
typing System and then pressing 
Enter. 


graph shows, slightly offset so that 
the light is entering your finger at 
around 30 degrees from the vertical. 
You may need to experiment with the 
position while listening to the beeps 
in the testing phase. 

With the PC board finished, you 
can cut the hole in the case for the 25- 
way D-socket and drill all the holes 
(one for your finger, one for the games 
port wires, two for banana sockets 
and two forthe potentiometers). Don’t 
mount the PC board in the case just 
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You poke your finger into the hole in the side of the case to take your pulse 
measurement and fit the electrodes to your fingers to take your skin resistance. 


yet, as it is far easier to do the testing 
with the PC board on the bench 

Connect the two wires to the 15-pin 
D-connector and connect them and 
the speaker to their respective stakes 
Connect a 100kQ resistor (the spare in 
the kit) across the GSR terminals and 
connect IRLED1 as shown so that it 
sits above and to the side of PD1 


Testing 

Before you can begin any serious 
tests you will have to type in the soft- 
ware listing, unless you get it with a 
kit or buy it from SILICON CHIP. If you 
don’t know how to enter the listing, 
refer to the panel in this article, 

If you use QBasic, start at line 10. If 
you use GW Basic and get sick of 
typing, just type RUN 5 (then press 


ct GSR leads, insert index fi 
Fig.5: this is 
screen tell you what to do. 
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ser then press spacebar to begi 


ig. the opening screen that appears when you 
load the software. The instructions at the bottom of the 


Enter) from the command line to save 
what you have entered so far. 

Once the software is entered and 
saved, and with the correct printer 
port being identified in line 1600, plug 
the 15-way connector into the joy- 
stick port and using the way cable 
connect the male end to the printer 
port and the other end to the PC board. 
Turn the computer on and run the 
program. 

The SILICON CHIP logo and STRESS- 
O-METER should appear along with 
the four coloured stress boxes. You 
should be prompted at the bottom of 
the screen to connect the GSR elec- 
trodes, insert your index finger (into 
the hole so your pulse rate can be 
checked) and press the spacebar to 
begin. 


Remove fin 


Fig.6: wl 


colour chart. 


en you run the program. 
level is displayed as a number and indicated on the 


As we haven’t connected the GSR 
electrodes yet, place your finger be- 
tween the IRLED and photodiode then 
press the spacebar. The next message 
should tell you to wait until the beeps 
become regular, then press the 
spacebar again. You should then hear 
six or seven more beeps before the 
Pulse average reading appears below 
the stress levels, followed by the mes- 
sage ‘Now calculating Stress level’. A 
second or so later the stress bar should 
appear in one of the boxes. 

If you experience this sequence, 
then your software and hardware are 
OK, Software errors will be flagged 
and displayed to allow you to fix them, 
The cause of most problems will be 
either erratic or no beeps, which indi- 
cates that the hardware cannot detect 
your pulse beat. This doesn’t neces- 
sarily mean that you don’t have a 
pulse. 

If you have very thick or weathered 
skin, the infrared light may not be 
able to penetrate sufficiently. Meas 
ure the voltage at the output, pin 7, of 
IC1b, preferably with an analog mul- 
timeter (or oscilloscope). It should sit 
at OV and move fairly rapidly to +5V 
then fall slowly towards ground. Re- 
ducing the 180Q resistor feeding 
IRLED1 to 1002 should give suffi- 
cient extra output to make the beeps 
regular. 

Now is obviously the time to make 
the GSR leads. The diagram of Fig.4 
should give you sufficient details. Use 
adhesive-backed Velcro which can be 
obtained from your local haberdash- 


ery store. The aluminium foil came 
from the kitchen. 
The other problem youmay encoun- 


teris your normal s stance. The 


er. Press spacebar to quit, R to ru 
p: 


your relative stress 


Software Listing For Stress.Bas 


1607010 
5 SAVE “Cbas\stress’,A "Save file on C drive in ASCII format 

6 ‘Don’tenter Iines 1-7 for QBasic 

TEND 

410 REM STRESS,BAS V1.0 R.W. 17/05/98 

20 GOSUB 1030 `Initialise 

30 GOSUB 2030 ‘Draw stress screen 

40 GOSUB 2130 ‘Draw CALM block 

50 GOSUB 2230 ‘Draw NORMAL block 

60 GOSUB 2330 ‘Draw MEDIUM block 

70 GOSUB 2430 ‘Draw HIGH block 

80 KS = INPUTS(1) 

‘90 GOSUB 3030 "Read pulse rate to determine stress 

100 GOSUB 4030 ‘Set D/A voltage to suitable value 

110 GOSUB 5030 ‘Read GSR and show change 

120 IF Ke > "R" AND K <> "r" THEN 999 

130 CLEAR: GOTO 20 

999 CLS: SYSTEM 

1000 sensors 

1010 “initialisation routine. 

1020" 

1030 KEY OFF; CLS: DEFINT A-Z: DEFSTR K: DEFSNG P.T 

1031 ‘A to Z integers, Kis a string, P & T single precision 

1040 DEF FNCENTRES(MS) = SPACES((79 - LEN(MS))/2) + MS 

1050 DEF FNCEOLS = STRINGS(79 - POS{Q),”*) 

1060 KSP = CHRS(32) 

1070 BLACK = 0: BLUEDEEP = 1: GREEN = 2: CYAN = 3: RED = 4: MAGENTA =5 
1080 BROWN = 6: WHITE = 7: GREY = 8: LTBLUE = 9: LTGREEN = 10 

1090 LTCYAN = 11: LTRED = 12: LTMAGENTA = 13: YELLOW = 14: HIWHITE = 15 
1100 PX = 79: PY = 140 'box top corner 

1110 VX = 402: VY = 52 ox size see line 2150, 

1120 CX = 100: NX = 100: MX = 100: HX = 100 ‘total must equal VX - 2 
1430 CST = PX + 1: CEND = CST + CX: NST = CEND + 1: NENO = NST + NX-1 
1431 ‘Calm start, Calm end, Normal start, Normal end 

1140 MST = NEND + 1: MEND = MST + MX - 1: HST = MEND + 1:HEND = HST + HX-1 
4441 ‘Some stress start. Some stress end, High stress start, High end 

1150 ISW = 440 ‘define stress line width (10 lines) 

1151 ‘Some stress start, Some stress end, High stress start, High end 

1160 PORTA = &H378: PORTS = PORTA + 1'LPT1, change to &H278 for LPT2 
1170 MASK » 8 000010008 mask all but bit 3 


4230 SCREEN 9: COLOR LTBLUE,LTCYAN 
1240X = 100: Y = 25: PSET (X,Y) ‘write SC to screen 

1250 DRAW "u12;M12:148:912;024:112:132:424:124;u12:124:012:112:r48" 
1280 PSET (X.Y): DRAW "124;u12:124:924:132:112:924:912" 

1270 PAINT (X-20,¥-5) ‘raw & fll S 

1280 PSET (X+90,¥) 

1290 DRAW "u12:h12:148:912:960;112:r48:812;U121124;d12:124:u60:124:912:124" 
1300 PAINT (X+80,¥-5) ‘craw & fil C 

1310 LOCATE 3,35: PRINT "Silicon Chip"; 

1320 COLOR RED.LTCYAN. 

1330 LOCATE 5,35: PRINT "STRESS-O-METER"; 

1340 COLOR YELLOW.LTCYAN 

1350 LOCATE 25,1 


1360 PRINT FNCENTRES(“Connect GSR leads, insert index finger then press spacebar to begin): 


1399 RETURN 
DOO o sos aaaana 

2010 ‘Draw stress meter. 

2030 COLOR WHITE,BLACK 

2040 PSET (PX,PY) 

2050 DRAW” 652: r402: u52; 1402;" must be values VY & VX line 1430 
2080 LOCATE 10,16: PRINT "Calm" 

2070 LOCATE 10,26: PRINT “Normal” 

2080 LOCATE 10,36: PRINT "Some tension” 

2090 LOCATE 10,51: PRINT “Stressed” 

2099 RETURN 

Diggieertestesesenee 


2130 COLOR GREEN BLACK 
2140 FOR A = CST TO CEND ‘calm start to calm end 
2150 LINE (A.PY+1) - (APYsV¥-1) 

2160 NEXT 

2199 RETURN 

Prie rota 

2210 ‘Draw normal colar block. 

Petits! mee aaea 

2230 COLOR LTBLUE,BLACK 

2240 FOR A = NST TO NEND ‘normal start to end 
2250 LINE (A.PY+1) - (A.PY+VY-1) 

2260 NEXT 

2299 RETURN 

2300" 

2310 ‘Draw some-stress color block. 
Daggett exe 

2330 COLOR YELLOW,BLACK 

2340 FOR A = MST TO MEND ‘medium start to end 
2350 LINE (A.PY+) - (A.PY=VV-4) 

2380 NEXT 

2399 RETURN 
2400+ 


2430 COLOR RED.BLACK 

2440 FOR A = HST TO HEND “high start to end 

2450 LINE (A.PY+1) - (A.PY+VY-1) 

2460 NEXT 

2470 LOCATE 16,1 

2499 RETURN 

Beth 

2510 Draw stress indicator line. 

2530 COLOR GREY BLACK 

2540 FOR A = ISW TO ISW + 10 stress indicator ine 
2550 LINE (APYs1) -(A.PYSV¥-1) 

2560 NEXT 

2570 OLDIS = ISW ‘save old stress Indicator positiom 
2580 COLOR WHITE BLACK 

2599 RETURN 


2621 “frst re-color old line 
2830 IF OLDIS > O THEN IF OLDIS = < NST THEN GOSUB 2130 ELSE IF OLDIS = < MST THEN 
(GOSUB 2230 ELSE IF OLDIS = < HST THEN GOSUB 2330 ELSE GOSUB 2430 

2640 GOSUB 2530 then draw new line 


3030 COLOR WHITE, BLACK: A = 1: K = INKEYS 
3040 LOCATE 25,1: PRINT FNCEOLS.: LOCATE 25,1 

3050 PRINT FNCENTRES( Wait until beeps are regular, then press space-bar’); 
3060 WHILE K =": K = INKEYS 

3070 WHILE (INP(PORTB) AND MASK) = 0 ‘wait for finger pulse 
3080- PULSE(A) = TIMER record start time for pulse. 

3090 WEND 

3100 BEEP 

3110 WHILE (PULSE(A) + 45) > TIMER: WEND wait for 450ms 
3120 WEND 

3130 LOCATE 25,1: PRINT FNCEOLS;: LOCATE 25,1 

3140 PRINT FNCENTRES(" Reading your pulse rate - Pease walt”); 
3150 FORA=0705 

3160 WHILE (INP(PORTB) AND MASK) = O ‘walt for finger pulse 
3170 PULSE(A) = TIMER record start time for pulse 

3180 WEND 

3190 BEEP 

3200 WHILE (PULSE(A) + 45) > TIMER: WEND ‘walt for 450ms 
3210 NEXT 

3220 IF PULSE(S) = 0 THEN 3150 

3230 PAV = 300/(PULSE(S) - PULSE(0)) ‘average pulse in B.P.M. 
3240 IF PAV > 110 OR PAV < 50 THEN 3150 set reasonable limits 
3250 LOCATE 16,1: PRINT “Pulse average - ";: PRINT USING "e##.#°:PAV; 
3280 PCAL = CINT(PAV) * 2 use twice pulse rate as GSA count 
3270 LOCATE 18,1; PRINT "Now calculating Stress level”; 


“increment D/A output until 
4040 WHILE STICK(0) > PCAL “STICK(0) value = count 
4050 LOCATE 25,1; PRINT “Count ="{COUNT;” “;STICK(0): 
4060 _ OUT PORTA COUNT 
4070 T= TIMER 
4080 WHILE T+ 05> TIMER: WEND '50ms delay 
4090 COUNT = COUNT + 1 
4100 IF COUNT > 240 THEN LOCATE 25,1: PRINT FNCEOLS:: LOCATE 25,1: PRINT 
FNCENTRES("An error has occured, Press spacebar to begin again"): RETURN 80 
4110 WEND 


5010 ‘Read GSR value and show change. 
5021 take average of 10 counts in 10 seconds to determine change 

5030 LOCATE 25.1 

5040 PRINT FNCEOLS- LOCATE 25,1 

5050 PRINT FNCENTRES(-Remove finger. Press spacebar to quit, R to run again”); 


T = TIMER “get the timer value 
COUNT(A) = STICK(0) ‘read the joystick value 
WHILE TIMER <T + 1: WEND ‘wait one second 
NEXT ‘get next reading 
FORA = 1 TO 10: SCOUNT = SCOUNT + COUNT(A): NEXT 
COUNTAV = CINT(SCOUNT/10) take average of ten counts 
WHILE COUNTAV <> COUNTOLD ‘skip rewrite if same value as last 
COUNTOLD = COUNTAV 
IF COUNTREF = 0 THEN COUNTREF = COUNTAV 
ISW= 1.7 * (2 * COUNTREF - COUNTAV): GOSUB 2630 scale count for indicator 
LOCATE 18,1: PRINT FNCEOLS:LOCATE 16,1:PRINT FNCEOLS:LOCATE 16,1 
PRINT “Relative stress level -~: PRINT USING "#24" CINT(ISW); 
weno 
‘SCOUNT=0 ‘clear count 
5220 WEND 
5299 RETURN 
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100kQ resistor from the 5V supply to 
the top GSR terminal has been chosen 
to cover arange of GSRs between 68kQ 
and 150kQ. If yours is outside these 
limits then change this resistor to be 
similar to your GSR. 

To measure your GSR, connect the 
leads to your fingers and read your 
resistance value with a multimeter. 
Obtain the next highest preferred value 
resistor and use it in place of the 100kQ 
resistor on the PC board. For example, 
if your GSR was 163kQ you would 
use the next preferred value which is 
180kQ. 

Once you are satisfied that the unit 
is operating properly, mount the PC 
board on the case lid using tapped 
spacers and M3 screws. After remov- 
ing the 100kQ resistor from across the 
GSR stakes, connect them to the 4mm 
sockets and fit the lid on the box. 

You should also fit rubber feet to 
the lid of the box to prevent it from 
scratching your table 


Using the Stress-O-Meter 

Plug one end of a 25-way extender 
cable into the stress PC board and the 
other end into the parallel printer port 
you plan to use. Plug the 15-way con- 
nector into the games port connector. 
Wrap the GSR sensors around the mid- 
dle and index fingers of whichever 
hand you prefer and connect the leads 
to the interface. 

Turn on the computer and load the 


@ 
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Fig.7: this is the full-size artwork for the PC board. Check your board carefully 


before installing any of the parts. 


Basic you will use, then load the stress 
program and run it. Follow the 
prompts at the bottom of the screen 
Once your stress level is shown, the 
aim is to move the bar to the left into 
the calmer region. Different ap- 
proaches work with different people. 
Some find deep breathing reduces 
stress, others find thinking about the 
seashore and gentle waves lapping 
around their feet does the trick, while 
remembering some of the more pleas- 
ant episodes in your life may do the 


trick for you. Whatever it is, the result 
will be shown by the pointer and the 
stress value 

The volume of the VCO can be 
turned up and the frequency adjusted 
to suit you, if you find this helps you 
to relax. Once you find the mindset 
that relaxes you, you can then begin 
practising this mental exercise when 
things start getting you down, helping 
to get your stress level under control 
without the need for the Stress-O- 
Meter. sc 


Fig.8: this is the full-size artwork for the front panel of the Stress Meter. 
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CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked bu 


ot built and tested. Contributions from 


readers are welcome and will be paid for at standard rates. 


Independent messages 
from sound recorder 


This circuit delivers two 8-second 
messages separately, on demand, from 
an ISD1416 sound recorder. It was 
built to provide voice sounds for a 
model train layout; eg, a station mas- 
ter instructing people to stand clear 
prior to train departure and a police- 
man booking a speeding motorist. 

The ISD1416 was fully described in 
the “Talking Headlight Reminder” 
described in the October 1994 issue of 
SILICON CHIP. In that article the chip is 
arranged to repeat the one message for 
a period of 30 seconds. In the circuit 
shown here, the address pins are ar- 
ranged to enable the user to record 
two messages, each capable of being 
retrieved separately. 

To record the first message, switch 
$1 is switched to position “A”. This 
pulls address lines A3, A4, A5 and 


A6 low and initiates a record cycle 
from the beginning of the message 
space. When the record switch S3 is 
pushed, it pulls pin 27 low and al- 
lows the recording to be made. The 
address lines A3, A4, A5 and A6 actu- 
ally provide for the first four seconds 
ofthe recording, but by keeping record 
switch S2 closed the device allows 
the recording to flow over to the next 
four-second segment. Therefore, by 
using only four address lines you can 
record/retrieve eight seconds of a re- 
cording. 

Similarly, by switching S1 to the 
“B” position, address lines A3 and A5 
are pulled low and by closing record 
switch S3 the second recording may 
be made. This recording begins at the 
end of the first recording and also has 


a maximum recording time of eight 
seconds. 


The record function takes prec- 
edence over all other device controls 


and if pin 27 is pulled low recording 
will begin irrespective of the state of 
the other controls. If you keep the 
record switch closed, the device will 
continue to record for the full period 
of 16 seconds and will nullify your 
selective addressing facility. 

There are two methods of retriev- 
ing messages. One is to pull pin 23 
“PLAYL” low for the duration of the 
message and then allow it to return 
high. Using this method requires that 
a switch be held on for the duration of 
that message or that a timing device 
such as a 555 be used to keep pin 23 
low for the 8-second period. 

The other method is to momentar- 
ily pull pin 24 “PLAYE” low and the 
device will play back the entire mes- 
sage selected by the position of switch 
S1 and automatically power down at 
the completion of that message. 

K. Ferguson, 

Woy Woy, NSW. ($45) 
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Frequency doubler 
for a cruise control 


This circuit doubles the frequency 
output froma car speedometer to make 
it compatible with an aftermarket 
cruise control system. It has a 100:1 
frequency range and is capable of op- 
eration with an input frequency up to 
100Hz. 

The speedometer’s digital signal is 
fed to pin 14 of a 4046 phase lock loop 
(PLL). This input has a 200mV sensi- 
tivity. The PLL comprises a voltage 
controlled oscillator (VCO), a phase 
comparator and a filter. The oscilla- 
tion frequency is set by the .01uF ca- 
pacitor between pins 6 & 7, the 10kQ 
resistor at pin 11 and the DC voltage at 
pin 9. 

The oscillator signal output at pin 4 
clocks a 4020 counter at pin 10 and its 
Q1 (pin 9) output, which is half the 
clock frequency, is applied to the com- 
parator input (pin 3) of the 4046. 

The internal comparator compares 
the input signal at pin 14 with the Q1 


01 


output of the 4020 counter and pro- 
duces an error signal at pin 13, which 
is filtered via the 180kQ resistor and 
6.8,1F capacitor. The resulting DC volt- 
age is applied to the pin 9 VCO input. 

The voltage at pin 9 adjusts the 
VCO so that so that the frequency at 
pin 3 is equal to the input at pin 14. 


OUTPUTS 
24 
5y 


This forces the VCO to operate at twice 
the input frequency since the com- 
parator input is divided by two by the 
4020. 

The two 10kQ resistors reduce the 
signal level to suit the cruise control 
input. 

SILICON CHIP 


Charger controller for 
an outboard motor 


This circuit was designed to allow 
an outboard motor to charge a 12V 
battery. The alternator output from 
the outboard can rise to as much as 
60V at full revs. In essence, the circuit 
is an emitter follower boosted by two 
power transistors to provide high cur- 
rent output. 

Q1 & Q3 act as paralleled series 
pass transistors. Q2 has its base held 
at +14.2V by ZD1, D1 and D2. This 
maintains the emitter voltage of Q2 at 
13.6V. Q2 conducts and turns on Q1 & 
Q3 just hard enough to always main- 
tain 13.6V at the output. 


Q1 & Q3 are forced to share the 
output current equally by dint of their 
0.47Q 5W emitter resistors. Both tran- 
sistors turn on just hard enough so 
that the voltage across the 1kQ resis- 
tor equals the voltage across their re- 
spective 0.47Q emitter resistor plus 
their base-emitter voltage. If one tran- 
sistor tries to deliver more current, 
the increased voltage across its emit- 
ter resistor throttles it back. 

The 60V maximum input voltage is 
amajor problem. With the two MJ2955 
power transistors, this circuit will sup- 
ply around 4A but a large heatsink 
will be required as the power dissipa- 
tion could be in excess of 180W. 

SILICON CHIP 


Q3 
Or M)2955 


2xIN4004 
og 


Fuel injector driver for added power 


Modified cars with engine management systems often 
need extra fuel flow if they are to be supercharged or 
turbocharged. The extra airflow means that extra fuel 
must be added otherwise the engine will run lean and 
could suffer serious damage. The solution is to add extra 
injectors which the engine management system will typi- 
cally be able to control within its existing parameters, or if 
the car has been heavily modified, the system may have to 
be reprogrammed, Either way, the system may not actu- 
ally be able to drive extra injectors and this is where this 
circuit comes in. 

It connects to an existing injector output on the engine 
management system and causes negligible loading. It will 
drive an injector with a coil resistance as low as 22. 

Q1 is a Darlington transistor which inverts the injector 


INJECTOR 
OUTPUT 


signal from the ECU to drive Q2, a TIP power transistor. 
D1 protects Q2 from voltage spikes which are generated 
by the injector coil each time the current through it is 
switched off. Q2 will probably need to be mounted on a 
small heatsink and should be kept away from hot spots 
near the engine's exhaust manifold or radiator. 

SILICON CHIP 


+13.4 
4A 


aland customers please ask for New Zealand prices. 


Í 1/4” Digital, in a small black metal case. Supplied with a BNC socket and DC power 
socket, Plug into video input socket on VCR or TV, or through RF antenna with a video" 
modulator. Cat. LM-3850 $14.95. Small Size! Specifications: *Pick up elements:1/4” CCD 
*Pixel:512(H) x 582(V) *Resolution:330 TV lines *Min Illumin; :5 Lux/F2.0 *S/N 
Ratio:More than 45dB *Broard Lens:f3.6mm/f2.0 .70°Angle *Power Source: 
batteries, inductors, Mi 


Cat. QC-3482 
capacitors, diodes, Sq 


power supplies, = 
eS amplitere and ance WENEN CLOCK WITH HUMIDITY, TEMP & CALENDAR 
interested in learning about electronics. 95(H) *Overall size 210(W) x 210(H) x 25(D)mm. Cream and silver in colour, operates on 2 


Electronics Australia. 
Learn about 

Electronics. Starts with jj 
volts, amps and ohms, f 
then resistors, fi 


Brand new book from ši 
= 
a 


introduction to digital electronics, Ideal for office, factories, homes, wine cellars etc. Includes: Humidity sensor 
Stacked full of vital information for those “Temperature in °C and °F *Calendar with day, date and month *Huge display 146(w) x 


Great price! 114 pages. Cat. BE-5050 ^A batteries (not supplied) 


Cat.xc0232 Only $99.95 ‘Kingray 


BUDGET COMPUTER TOOL KIT SWAYINDOOR <7") Hag 


CAT 5 SINGLE TV/FM 


dea gg peel 


price! Adjust 


© 
*Blank hex driver d + 
e ae $, eururicr SQ 
strand *T10/115 driver F Boost your signal for up to 
Cat 5 is bit «Phillips 0 & 4 TV's with this indoor mains powered 
used for long runs, where as multistrand 1/8" slot bit > booster. UHF gain is 10dB, VHF gain is variable. 
Bs (WB-2020) is used for patch leads and «Phillips 1 & \ \ AA ` 98] Made in Australia. Uses 750 TV sockets. 
patha: 3/16" slot bit *Nut EE Cat. T-3286 onl: 99.95 
Blue in colour. Cat. WB-2022 drivers 3/16” & 1/4” Spare parts tube Pearl catch i y S 
95¢ mt. or “Tweezers "IC extractor. Cat. 10-2039 $17.95 DURATECH TEMPERATURE 
$75 per 100 mt. roll SELF AMALGAMATING CONTROLLED SOLDER 
TAPE BARGAIN (yi) STATION 
FIG 8 AUTO 98 This tape is polyisobutylene, © Our best ever imported 
CABLE — and “cures” to a single mass soldering station has 
15 amp 2/26 x Ee ONCE it is taped. Its ideal for x arrived. Features quality, 
sealing, waterproofing & 60W solder pencil with 
0.3mm. Red/Black figure 8 auto cable. insulating. It is made in England by BICC. Roll size is silicone rubber cord, 
Cat. WH-3078 S1. 2OMAE. 25mm wide x 10mtrs long. (We currently sell a roll adjustable temperature from 
20mm wide x 5 mtrs long for $14.95). Limited qty. 150 - 450°C, 6 sponges supplied 
$100/100m¢t. Roll Cat. NM-2826 Only $24.95 -See Cat. P113 for details. 
ca Ts1380 $189 © 
eS NEW LEDS 07 mint SCALE a 
SIREN Green 5mm 2200mcp Ù >, MIENE SCALE 
is digital scale measures from 0- 
COVER 3.6V cat. z0-1734$7.95 50g with resolution of 0.1g and 
It had to happen! This will replace i OOMCD f from 50-100g with a resolution 
our steel version, Will accept 5" White Smm 1800MCI QAI of 0.2g and has a max. 
Siaa and haathree holes for arobs 3.6V cat. 20-1787$7.95 [EE capacity of 1009, also 
5 year warranty for UV. Complete with tamper switch. features a late/net weight 
Lower price, steel version was $29.95 RIG SS B FS functionand auto power ot! |S | 1 
a which makes it ideal for science labs, a 
ARENS Only $19.95 Peal ore bans to cult RUAS T pharmaceutical applications or weighing 
ee Precious stones and metals, herde, te 
Beale orev, chinese medicines etc. Amazing small Peni 
oe Seow size-only 146L x 80W. Calibrated in “i 
m Australia. Supplied in a pouch. S 
PP-144 
SOLDERING IRON "2 Cat. OM-7248 199 
$1.98 
BARGAIN a Stes HEATSHRINK PACK ee 


BARGAIN! 


Includes 14 pcs. of 55mm 
long white heatshrink, that 
you can write on (before ae 
heating) to identity leads 


4 pin “S” Plug to " S” Plug. Gold 
sinón connectors, 4 pins wired. 2 lengths 
from 250°-450°. 30 watt ratio. Cat. TS-1460 available. 

Normally $49.95 1.5m ca. wa-1105 $9.95 


ERA n srine nnee. = 
3.0m ca. wa-1106 $11.95 | 9 $] from 4 to 25mm. Also 
Now Saras sousisi2 = $ = includes 1/2mt. of standard black 25mm dia. heatshrink. i 


Cat. WH-5520 


VOLTAGE REDUCER a 


For full spec. see our 1998 Cat. 


Page 96. Cat. MP-305% 

Normally $43.95 

Save $10 5.5” 2 CHANNEL a] 
0-30 VOLT DC 2.5 A October Price $33.95 5 & W MONITOR 
DIGITAL Gat OM:3430 —_ 


VARIABLE LAB 


POWER SUPPLY 
Cat. MP-3082 


Normally 


Normally $199.50 Save $30 
October Price $169.50 


10” 4 CHANNEL 
B & W MONITOR 


'apacitance *Auto Power off Holster 
Battery and leads included *Extra Large 
Display *Continuity Buzzer «Backlit Display for 
use in dark places. This meter is fantastic value at OM-3535 

for $109.95, however this month you pay only: Normally $399.50 


$89.95 save $20 ca. FE Save $50 
October 
Price 9249.50 


#RPM x 1, x 10 *Dwell Angle *Resistance «DC 
, Volts *Holster and leads included. For full 


‘Specs. see ‘98 Cat. Cat. QM-1440 
pgs Normally $79.95 save $10 | REMOTE gË 
POWER Eetoher #82. 95 CONTROL |f] 
SUPPLY QUALITY | 


WAS $199.50 cat. MP-3085 
October Price 
$169.50 save $30 
3-15 VDC 25 AMP 
VARIABLE 5 


CONTROL 

| SYSTEM!!! 
Cat. AA-0426 
Were $159 Save $30 
This Month $129 
2 WAY ELECTRONIC 
CROSSOVER WITH 
REMOTE SUB 


Cat. MP-3088 

Normally 
$299.50 
October Price 


$279. 50 a lca 


Cat. AA-0424 
Were $119 i, 
Now $89 


Save $30 
15 BAND EQ WITH a 


2 WAY CROSSOVER AND 
REMOTE SUB VOLUME 


OID. aa E 
TRANS flee 
Tee SUBWOOFER 


CONTROL 

sity European - AMP MODULE SONTROL iyi 
Bee oa tral 65 WRMS INTO 4 OHMS. For full spec, want the best rs 
transformers. These can ‘see our 1998 Cat. P57. Cat. AA-0502 in car audio 
be PCB mounted via the Normally $199 Renters aE 
3mm long pins or turned H S 
E E sown The October Price $169 Were $339 
PCB pins can then be used as solder save $30 | Save $40 e 
terminals. Each unit has four separate 12V 
“windings allowing the following: ) HEAVY DUTY C. This Month $299 
ayaa eT a raeo NOISE = sade ALUMINIUM ATTACHE 

; © *Stop engine noise now! This is a supe ETA 
A iter suited to high end audio systeme that WOO GASES BARAT 

draw anywhere from 40 amps to 120 amps. Cat. 8 Keep those tools tidy with 4 trays which fold 


Normally $79.50 


out. Cat. HB-6350 


3 This Month $65 Save $14.50 
MINI SUPER REPONSE 

6” SPEAKER f eo}: Soe a 

4WATT,4OHM. Cat. AS-3012 ‘Specs See our 1998 Cat. RISES IMMINENT 

Normally $3.95 & eet CS-2205 DUE TO THE 

DESTABLISING 

AUSTRALIAN 

Save $4.50 _ £ DOLLAR so BUY 

oe 


NOW AND BEAT 
THE PRICE RISES 


a E OE He ee — m —— m 
| MAIL ORDER - FREECALL FOR PHONE ORDERS 1800 022 888 / NEW ZEALAND 0800 4529 227 
ST a 


Thetuelisstandard butane gas, whichis HOME ALARM SYSTEM 


stored in the translucent handle. Gas is ignited using a piezo electric System includes: «Control Panel +1 x Remote Control * 1 x PIR «1 
spark. Vulkan Tools are made in Irelan x Reed/Magnet Transmitter +1 x Power Supply. For ea 


PROFESSIONAL spec. see our 1998 Cat. page 80. Simple to 
FEATURES: operate!! No messy wires! Cat. LA-5490 po 
Piezo electric ignition Normally $329.50 Save $34 { 


o on This Month $295 


é 
Equivalent of 20 to 135 watts *Gas ya 

refills last up to 180 minutes Optional Extras: ~ 
“Translucent gas tank for visible fil ói i 3 

level *Temperature range 400°C to 579.50 Now $69.50 


1,200°C «Includes the tool, cap and 
2.4mm chisel tip. Cat. TS-1200 FREE smo AND FLAME TIP VALUE 
j21.90 WITH TS-1200 PURCHASE 


PROFESSIONAL TOOL KIT 


g Kit includes the same tool as the TS-1200 
with the following additions: «Quality 

plastic case *Stand *Flame tip *Hot blow 
tip *Deflector for hot blow tip *Hot knife 9 @ANE EAS NEW 24V 


tip *Cleaning sponge #2 metal storage 


a aeaa FREMT ejeg INVERTER 2 
Ì solder tip. Cat. TS-1205, T5-1205 200W 24V to 240V 
Inverter. Cat. MI-5039 


VALUE jua $169.50 


TNC LINE SOCKET . 
Cat, Ps-osce Were $2.95 ~ y 
Save 50% p% 
ont This Month ‘ 5 x 
JAYCAR BLUE , JAYCAR BLUE - BULK 
$1.5000 or 10 For $10 ABLISING [excites meen 
TRANSFORMER Cat. XC-4712 of 10, No cases, 
{ARGAN 
44V at 1.5A or 2 x 22V 
1.5A ea. “Remember the 
old JT180". Cat MM-2010 


PHOTO SIZE LAMINATOR a 


Normally | 
$29.95 J & 
ove $10 Se, Keep those precious photos nes 


d business cards safe 
33 OnLy JB 33 forever by laminating tnem in 
plastic. Operates on 240VAC aa 4 A 
L Cat. XL-2500 \ PHILIPS GREEN ICOH GOLD. 
~EGO TESTER KIT | ONLY $59.95 Pearl casa) Subst sewers 
À (Exhaust Gas Oxygen Tester Kit) | LAMINATING SLEEVES: BUSINESS CARDS. —— j a lina 


l pat ET) See 98 Cat. page 10 for detalls: 1 95x57MM - PKT. 100 Cat. XL-2504 $6.95 


SORKSIZER, _$19.95 PHOTO SIZE 156X112MM - PKT. 24 


CAR BATTERY ~~ sq Cat. XL-2505 $7.95 


MONITOR KIT 
Ee Cat. page 9 tr LED HanoneLo 
Cat. KA-1683 
leq. 95 BUILD IT YOURSELF KIT OSCILLOSCOPE SPECIAL 
= Buy the QC-1905 in October for $479 FREE PROBE 

[MIXTURE DISPLAY KIT FOR & receive the accessories listed FREE 
See 96 Cat. page 30 for full details. FREE MAINS ADAPTOR < 
Cat. QC-1905 


| eae CARS eG Ee ee REE Gx800MA NICAD 
Gas! WORTH $78.45 
ONLY $479 j 


fdetails. Cat. KC-5195 


B lsi. 95 EES 
HEX SCREWDRIVER 


í Use for the Driver Bits 
Sets on right. 


Consists of 32 more odd driver bits: 
*Clutch drive, square drive, Hex 


ii a nee sia driver pe: d G (allen), Torx, Posidrive. 
~a “Tri-wing, Torx (tamperproof), Pin Cat. TD-2036 
= TD-2032 “SSy drive In - Hex (allen), Torque . 


l SAO CeT WERE $29.95 


ko 


You wanted them, so here they are! There is a 4 ohm version and an 
Ue eus L ~ 8 ohm version. They have a pressed paper cone (the best we feel for a 

15" driver) & a rubber surround. The voice coil is the usual Re/sponse high quality kapton type, & the magnet weighs a huge 1.8kg. 

They are ideally suited for that big woofer project & in the correct bass reflex enclosure, will give thunderous performance to very high SPLs 


*Nom impedance - 49 «Power handling - 250 watts RMS *Nom impedance - 82 *Power handling - 250 watts RMS 
*Frequency range - 23-2000 hertz *Sensitivity - 95dB 1 watt, 1 metre “Voice _*Frequency range - 18-2000 hertz «Sensitivity - 94dB 1 watt, 1 metre *Voice 
coil resistance (Re) - 3.52 Resonant frequency (fs) - 23 hertz *Mechanical Q coil resistance (Re) - 6.30 *Resonant frequency (fs) - 18 hertz *Mechanical Q 
factor (Qms) - 4.06 *Electrical Q factor (Qes) - 0.304 «Total Q factor (Qts)- factor (ms) - 5.266 «Electrical Q factor (Qes) - 0.303 «Total Q factor (Qts) - 
0.283 Equivalent volume (Vas) - 500 litre Cone area (square metres) - 0.085 0.286 *Equivalent volume (Vas) - 750 litre «Cone area (square metres) - 0.085 
‘Magnet weight - 600z (1.89kg) ¢X-max (mm) - 4.6mm *Voice coil inductance *Magnet weight - 600z (1.89kq) *X-max (mm) - 4.5mm «Voice coil inductance 
(Le) - 0.87mH (at 1k) (Le) - 1.42mH (at 1k) 
TYPICAL APPLICATION Vented box *Box volume (litres) - 160 +Tuning TYPICAL APPLICATION Vented box *Box volume (litres) - 221 *Tuning 
frequency (Hz) - 30 +-3dB frequency (Hz) - 36 Two vent options: frequency (Hz) - 25 +-3dB frequency (Hz) - 29 «Two vent 
“Vent diameter - 150mm *Vent length - 265mm «2 vents : options: “Vent diameter - 150mm “Vent length - 280mm 
dia, - 110mm eVent length - 292mm *Inside cabinet *2 vent dia. - 110mm *Vent length - 300mm sinside 


dimensions - 470(W) x 800(H) x 450(D)mm cabinet dimensions - 450(W) x 850(H) x 600(D)mm. 
SMALL BOX FOR CAR (15” 4 ohm) Vented SMALL BOX FOR CAR (15” 8 ohm) Vented 
Box *Box volume (litres) - 80 Tuning frequency Box *Box volume (litres) - 100 *Tuning frequency 

(Hz) - 30 +-3dB frequency (Hz) - 40 Vent options: ` DP (Hz) - 30 +-3dB frequency (Hz) - 38 *Vent options: 

*Vent dia. - 110mm «Vent length - 236mm einside *Vent dia. - 110mm *Vent length - 170mm «Inside 

cabinet dimensions: 470(W) x 600(H) x 300(D}mm. cabinet dimensions: 470(W) x 600(H) x 380(D)mm 

SEALED BOX +Box volume (litres) - 130 «Tuning frequency SEALED BOX «Box volume (litres) - 152 *Tuning frequency 

(Hz) - 50.67 +-3dB frequency (Hz) - 49 *Qtc - 0.62 eInside cabinet (iy Ì (Hz) - 44 +-3dB frequency (Hz) - 44 *Qte - 0.707 (Butterworth | 
dimensions: 450(W) x 750(H) x 400(D)mm y Response) «Inside cabinet dimensions: 440(W) x 790(H) x 


A DG EA 460(D)mm. 
= model cat. cs-2248= -< 


=i Soe iy ntl Co. 
‘Speaker dimensions: A - 385mm, B - 370mm, € - 350mm 98 9 ‘) >+ model cat. cw-2148 


MOTOROLA CELLULAR LOCKING NUTS FOR VELCRO STICKY 


BAG D CONNECTORS 98 Eog PADS 98) 
PHONE These are long This small motor 
‘Screws, suited for in line is rated at 
BATTERY 227 coining of Doomed 220V 50Hz 
Genuine Motorola 12V sealed lead rows aro 1Om ae and 
Pe acid battery, No. SNN4139A. Size 181(L) x 60(H) x Packet of 10 screws, washers 250RPM, 
22(Wymm. Limited quar able. Be quick. and nuts. Cat. PM-0853 Size is 51 A pack of genuine velcro 


(dia.) x 12 (H) mm. sticky male and female 
Grab a spare, Cat SB-2595 $69.95 Pkt 10 $3.50 Spracie shm pads. 12 of each, White in 
We have a very small quantity of Motorola mains long & 1.4mm dia. colour 22mm diameter. 
chargers for this battery. Type SPNai9ac, See MALU MMT Te) Cat. YM-2702 $2.95 
Mail Order Gomer, ORDERS jaycar.com.au Cat. CF-27640 a= 


LAMBDA ELECTRONICS INC Us. mace, 5,12, 24v 
remote voltage sensing. 


A great new alarm thats Industry leader Lambda Electronics Inc. 100 watt switchmode power 
both simple touse and 4 supply. 


install - just two wires to 
connect (powerand = 
ground!) or three wires |) 
with the Use of an { 


The model (Lambda 
SVS100-5-001) is rated at 100 watt output. This means that you can pull 20 
amps at SV, 8.3 amps at 12V or 4.3 amps at 24VDC up to a total of 100 watts. The unit is short circuit 
optional tamper switch! proof and will operate from AC mains voltages of 85-264V 47-63Hz! The entire unit is enclosed in a 
Serna cece ventilated metal box, with input terminals via a standard molex 0.156" pitch connector. Features: «No 
a eceab ie aiani tonat; fan cooling assistance required *Fantastic line and load regulation *Case dimensions: 190(L) x 120(W) x 


f sevectebie Vinha raaa, ETE 50(D)mm *Class “B” VDE and FCC EMI filtering *0.03%/°C temperature coefficient «Remote voltage 


control *Optional door/bonnet sensing (if required) «Output short circuit protection «Mains overvoltage protection «Full instructions 
switches can be connected Single e and data included. Jaycar only has a modest quantity of these so be quick! No Rain Checks! 

button arm/disarm/panic *Shock 

sensor warning tone if vehicle is accidentally First in to see will buy. Cat. MP-3046 Md 22- 
bumped +Arm/disarm verification tones *Panic button can be used R 3 


3 IIN 1 
E D DETECTOR 


A quality tool that will 


When in/out the car *Code learning remote controls Current sensing 
input available. Spare code learning remotes Cat. LA-8982 $19.95 


Cat. LA-8980 = 


find wooden studs, | 
R precisa metal, nails, screws 
74min, and voltage. When anything} 
y 50m. is detected, a LED will light 
Cat. XC-4720 up next to the 


BANANA PLUG TEST 
LEAD BARGAIN og 


Another 


gal pieces ee = Nee A Erns symbol - & 
>. This i = à a buzzer will sound. 
shielded lead with available at 98 B oides a 2 way switch, 
D 2 high quality piggy Jaycar. s L ‘one position for studs, the 
I P pack style banana ~ 100mb IBM formulated. E other for metal & voltage. 
Plugs ononeendto > sy INicad battery Cat. XC-4760 = E Also has a low battery 


a strange 2 pin plug 


Don’t pay S50! warming. Uses a 9V 
‘on the other. Length is 1.5mts. if the $29.95ea Ee aed 
plug is removed, and replaced with piesa are now ver etd ppi 


Cae raea ard nth Eoaroel Brand new 
aeaaee vou wil end up wties EECa sezes {0 less 10% 


Cat, WT-5322 


= = = n 
MAIL ORDER - FREECALL FOR PHONE ORDERS 1800 022 888 / NEW ZEALAND 0800 4529 227 | 
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PROFESSIONAL 
OFC DOUBLE 
SHIELDED 
RCA LEADS 
Theae are the best audio leads 
we've seen! Perfect for 
automotive environments 
or home HiFi that 
demands the best 
possible quality and 
performance. Double shielded 
figure 8 cable, purple in colour with a central 
lead for remote amp switching or grounding Hi 
Fi systems, Take advantage on this months 
savings. 
1.5 METRES LONG cat. wa-1090 
Were $24.95 Save $5 
Now Only $19.95 
2.5 METRES LONG cat. wa-1092 
Were $29.95 Save $5 
Now Only $24.95 
5.5 METRES LONG Cat, wa-1094 
Were $34.95 Save $5 
Now Only $29.95 
SOUND CARD OR CD 
ROM AUDIO CABLE 

=æ _Length is 600mm. 
Cat PL-0756 
$5.95 


This charger does 
Pre vesting. It win 
MERA automaticaly discharge 


the cell, then fast charge 


trickle charge. Recharges 
1 to 4 pos, AA, AAA, C and D Nicads min 4 
hours. Many more features included, see our 
1998 Cat. page 86 for details. Cat MB-3500 


Save $10 Normally $69.95 


HIGH QUALITY STEREO EARPHONE 


Ultra lightweight mini phones with spectacular 
‘sound performance! Cat AA-2015 


Save $3 Normally $9.95 
This Month 
ONLY $6.95 


GET RID OF THOSE MESSY JUMPER 
LEADS! - ELECTRONIC TECHNOLOGY 
MOVES IN. The easy way to start a car 
with a flat battery. For full details see 
our 98 Gat. page 85. 


Normally $39.95 
Save $10 ca. ms-ss05 


Save $5 cat 18.1450 
SPARE TIPSTO SUIT Cat. TS-1453 $2.95 So 


Suitable for computers, 
amplifiers, office machinery etc. 


12V DC 6OMM 


This is not just any 


Were $19.95 


power board, it Fa | Save $6 
incorporates T 

oisg seos — GN 12V DC 80MM Tat. VK2512 
protection *Spike protection Noise rejection filter A = > 
network *Safety circuit breaker. Specially designed for: 

Computer equipment, phone/fax, answering machines, Were $18.50 Save $6 
HiFi, video and TV. Electricity Authority Approved. Why 280W AC 120MM cat YX-2514 


not grab a couple now before the price rise. 


Were $27.50 Save $7.50 


Cat. MS-4030 


STOCK UP NOW! 
4) SMALL 95 x 76MM 


Were $3.25 
= DA 
E =» | Save $0.75 Cat. HP-9540 
‘6 MEDIUM 95 X 152MM 


WILLD MATCH OR BETTER kanoi 
D THE PRICEOF ANV 


LARGE 95 X 1303MM 


| PRODUCT THAT oe E 3, 


Cat, HP-9544 


| SMALL 95x72MM, 
C 750 HOLES 

Abs aoe Cat HP-9550 
-e Were $3.25 


SAME QUALITY 
2 DOOR UNIVERSAL IN-DOOR CAR NOW $2.50 save $0.75 


MEDIUM 140x95MM, 1450 HOLES 
Cat HP-9552 Were $4.75 
Now $3.50 save $1.25 
$800 installed, when you can LARGE 210x78MM, 1608 HOLES 
save a bundle and do it Cat HP-9554 Were $5.95 
yourself! Cat L-8840 Normally $249 Now $4.20 save $1.75 
Save $40 This Month Only $209 30 AMP LARGE 


POWER WINDOW KIT 


Total comprehensive kit Will fit 
virtually any make of window 
mechanisim. Why pay over 


TERMINAL eee 
(SPONSE GEESeEREEEES 
RRE/SPONSE 6” PAPER Re) STRIP maae 
DOME CONE WOOFER 3” POLYCONE BARGAIN d 
MI *20WRMS 12 way, ideal for electricians, or those who 
. MIDRANGE on CAR iwOOREE need to connect larger diameter cables. Cable 
«Extremely R TOER Smas entry size is 5.6mm diameter. Size 153L() x B 
smooth Cat aay YR 23W) x 20(H)mm. Cat HM-3198 
frequency RATA aN Were $2.25 This Month 
*200WRMS system Were cee Only $1.50 or 10 for $12 
power *82, Fer ful m $19.95 Šio 2 
Were gas October Were $79.95 
October $35 Only $14.95 This Month $100 OR MORE 


Save $5 


GREAT RANGE AT FANTASTIC PRICES! ( 
For full specs see pages 20 to 25 of our 1998 catalogue. 


‘colours. Ideal j M- MINI LOW i | 

for house, í l € gaa Bi: Poa 

‘shop, display 98 G | UUU  +3.5 Digit cost wie 

and garden lighting. Po | *Diode Test +35 Digit | 
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SERVICEMAN'S LOG 
Comparing the old & the new 


Vintage car radios are still hanging around this 
month and it was quite interesting to compare 
their straightforward problems with the rather 
tricky problem I tracked down in a modern car 
sound system. After that, a TV set and a TV/VCR 
combination came almost as a relief. 


To kick off this month, I am revert- 
ing to last month’s story, about the 
three Delco car radios in vintage 
Cadillacs. I can now complete this 
story; relating how the remaining prob- 
lems were solved. As readers may re- 
member, the main story was about a 
Delco model 7265845 using a vibrator 
power supply, in which the vibrator 
and rectifiers had failed. 

The faulty rectifiers were easily re- 
placed but replacing the vibrator was 
the real problem. These devices no 
longer exist and the only solution was 
to substitute a solid state version. For- 
tunately, a suitable circuit was found 
and an updated version was built and 
fitted, with complete success. 

That left two other Delco car radios. 
These were slightly later models 
(7272505) from 1959 Cadillac Coupe 
De Villes and were hybrid types, us- 
ing five valves and one transistor. The 
valves were also special types, de- 
signed to work with a 12V “HT” rail. 
The transistor was used in the power 
output stage, a Motorola HEP231 be- 
ing used in one radio and a Delco 
DS501 in the other. 

These two power transistors were 
rather unusual, being attached to the 
case via a central bolt, with their base 
and emitter leads on either side. Ini- 
tially, [couldn't find any data on these 
until I dug up an early Hong Kong 
transistor manual. This listed the 
DS501 as a PNP germanium audio 
power transistor with an hfe of 40 and 
a power rating of about 60W. The case 
style is a TO-36. 

Both these radios had the same 
clever features as the previous unit. 


The first problem I had was working 
out the cable connections to them, as 
they had a few additional features 
such as a footpedal switch to control 
the self-seek tuning and also a bal- 
ance control for the front and rear 
speakers 

The set fitted with the Motorola 
HEP231 device in the output stage 
was relatively easy to diagnose and 
fix. This set was built on a PC board 
and the fault turned out to be dry 
joints on the terminals of the last IF 
coil. 

The other set proved to be a bit 
more difficult, although the fault it- 
self wasn't hard to find. As I quickly 
discovered, the DS501 audio output 
transistor had shorted and taken with 


THE NEW TRANSISTOR WAS 


QUITE COOL EVEN AFTER 


HAD BEEN RUNNING FOR 


OVER HALF AN HOUR... 


it a 0.47Q 5W resistor and a 10004F 
1V electrolytic capacitor, The prob- 
lem was finding a replacement tran- 
sistor or an equivalent. 

Ofcourse, no-one had ever heard of 
this type; it was “used back in the 
Ark”. So could I substitute a modern 
silicon transistor equivalent and work 
out any circuit modifications that 
might be needed? I decided to have 
another word with the author of the 
vibrator article — perhaps he had an- 
other article hidden away somewhere, 
to solve this problem! 

Unfortunately, he didn't but we dis- 
cussed the problem at some length. 
Initially, I was concerned that the dif- 
ferent base-emitter voltages of germa- 
nium and silicon transistors (0.2V ver- 
sus 0.6V, respectively) might be a prob- 
lem but he felt that we should be able 
to solve this. 

Isubsequently spent some time trac- 
ing out the audio output stage — see 
Fig.1. This shows that the output stage 
is transformer coupled to the preced- 
ing 12DV8 audio amplifier valve. In 
other words, the transistor is com- 
pletely isolated from DC signals, 
which meant that its bias voltages 
could be juggled in any way neces- 
sary to achieve the required operating 
conditions. 

So, what did we have to lose? 

After checking all the specifications, 
I eventually decided to substitute an 
MJE2955 TO220 transistor. This was 
simple to mount on the original 
heatsink, along with a mica insulat- 
ing washer and insulating bush. On 
firing it up, I was surprised and happy 
to hear sound immediately, even 
though it was distorted. There was a 

115Q potentiometer in the base bias 
network of the transistor, so I 
marked its setting before ad- 
justing it until the sound was 
quite clean. 

This turned out to be at 
maximum setting, which 
made me rather suspicious. I 
decided to take a closer look 
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Fig.1: the transistor output stage of the Delco 7272505 hybrid car radio. 
Substituting an MJE2955T silicon transistor for the original germanium 
DS501 transistor proved to be completely successful. 


at the bias network itself. Apart from 
the 115Q pot, this also includes an 
82Q 5W resistor and a 102 0.5W feed- 
back resistor. The latter was slightly 
discoloured and when I checked it, it 
measured over 12Q, I replaced it with 
a new 5% 1W resistor and found that 
the sound was now the cleanest when 
the potentiometer was reset to its origi- 
nal position. 

The new transistor was quite cool 
even after it had been running for over 
half an hour. I checked the overall 
current at 4A and was satisfied that 
all was well before returning it to be 
reinstalled in the original vehicle. This 
by now had been converted to right- 
hand drive and had been re-uphol- 
stered to the tune of $3000. In fact, the 
whole car looked fantastically com- 
fortable and beautiful. I wonder what 
it’s like to drive? 

(My thanks to Erol G. Engineering, 
the company involved with restoring 
the Cadillacs, for their help and co- 
operation with this story). 


A modern car sound system 

It wasn’t long after fixing the old 
Cadillac radio that I had to tackle a 
modern car sound system. In this case, 
the unit was a 1990 Kenwood car 
stereo system, consisting of a digital 
AM/FM stereo tuner/cassette player 
(model KRC-810), a 10-CD auto- 
changer with an infrared remote con- 
trol (model KDC-C300) and a separate 
amplifier system capable of driving 
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front and rear-mounted loudspeakers 
(ie, four channels). It even had a mut- 
ing circuit to mute the output when 
the car phone rang! 

Inevitably, it got me thinking about 
how far car sound technology has pro- 
gressed in the last 30-odd years. How 
ever did we manage with a simple car 
radio delivering a couple of watts of 
AM mono sound? 

The complaint from the owner was 
that there was no sound output but 
he'd managed to clear the amplifier 
unit, apparently by feeding signals 
from some other source into it. As a 
result, the system came to me as two 
units: the stereo tuner/cassette player 
and the CD player. 

The tuner/cassette player was 
mounted inside a metal cabinet which 
is normally mounted in the car. This 
cabinet is fitted with a detachable con- 
nector on the rear panel, to which is 
attached an array of cables that con- 
nect to the various external units. This 
connector mates with a socket on the 
rear of the tuner/cassette player. 

The first thing I had to do was to 
withdraw the tuner/cassette player, 
then remove the plug so that I could 
work on the unit outside the metal 
cabinet. I then had to set up an exter- 
nal amplifier and speaker system to 
hear anything. The audio comes out 
on four RCA mono sockets and I used 
a bench amplifier and speaker in this 
role. 

Finally, having connected all the 


cables and an antenna, I switched it 
on. There was no sound from either 
the tuner, the cassette player or the 
CD player. 


One problem or more? 


Initially, I felt certain that there was 
something common to the failure of 
all three units and on removing the 
covers, I noticed a TC4066BP analog 
switch near the output connections, 
This device is notoriously unreliable 
in TV receivers and was exactly what 
might cause the problem. However, 
replacing it made no difference. 

One of my handiest pieces of test 
equipment is a small portable audio 
amplifier fitted with meter probes. 
Using this, I jabbed around inside the 
unit, looking for an audio signal and 
any other clues. I finally found that I 
could get sound from the tuner on test 
points TP2 and TP3 (more on these 
later) on one of the boards holding the 
tuner sections. In addition, I could 
hear the tape player at potentiometers 
VR1 and VR2 near the tape pream- 
plifier outputs, The CD offered noth- 
ing except lots of clunking noises as 
the autochanger worked. 

Unfortunately, that was about as far 
as I could go without the service manu- 
als, as the rest of the system was just 
too complicated, As a result, I put the 
unit to one side while I waited for the 
manuals to arrive. 

They duly turned up about a month 
later and though beautifully drawn in 
multicolours, they were also very com- 
plex and initially rather confusing. 
The main problem was first identify- 
ing which board was which and then 
following the signal lines from one 
plug to another and through one board 
after another. I was beginning to think 
that I had got myself involved in a real 
can of worms. 

On the other hand, the most useful 
diagram from the reader's point of 
view was the “Block and Level Dia- 
gram” and this is shown in Fig.2 as an 
aid to following the fault-finding proc- 
ess. 

I was still hoping that only one 
fault was causing the problem, so I 
started at the output end; ie, at the 
righthand end of the block diagram. 
This tuner/cassette player has four 
separate preamplifiers —based on dual 
op amps IC1 & IC2 — and these feed 
four RCA sockets, following the “Front 
Pre Out” and “Rear Pre Out” designa- 
tions on the block diagram. 


SHE GAVE THE STRONG IMPRESSION THAT THE 
NEW SYMPTOMS MUST BE ENTIRELY DUE TO 
THE WORK I HAD COMPLETED EARLIER ovo 


I checked the voltages marked on 
the circuit for these preamplifier stages 
(7.5V, 3.75V and 5V) and all were 
correct. I couldn't believe that all four 
amplifiers were dead and I was begin- 
ning to consider the possibility that it 
was a muting problem. This unit uses 
a very complex muting system which 
shuts down the audio chain in re- 
sponse to a number of instructions, 
which I would have to trace out and 
examine if this was the case. 

I was dreading this because it is all 
tied up with a security pass code, an 
“EXT-MUTE” signal, “MUTE IN 1”, 
“MUTE IN 2” and “RESET-IN”, all of 
which looked fearfully complicated. 

I decided to postpone that investi- 
gation and move to the lefthand side 
of the diagram. In particular, I thought 
that I would follow the tuner audio 
signal from where I had discovered it 
at TP2 and TP3 and find where it 
disappeared. This meant first remov- 
ing the cassette deck to give access to 
one side of the double-sided mother- 
board. 

TP2 is the output of the FM IF/DET 
discriminator (IC1), while TP3 is part 
of the FM MPX/NC stereo decoder 
(IC2). The output of the decoder goes 
to a synthesiser unit on the mother- 
board and then to a Dolby B/C de- 
coder (CXA 1332M) —also designated 
1C2. This a 30-pin surface mounted IC 
(CXA1332M) which looked really dif- 


ficult to access and replace. 

Despite a few difficulties, it didn’t 
take too long to find that the signal 
reached pins 1 & 30 of the Dolby de- 
coder. However, the signal didn’t go 
beyond this IC, so this became my 
major suspect, particularly as the tape 
signal also went to this IC (at pins 2 
and 29). 

Anyway, I thought I would have a 
go at this IC with my trusty freezer to 
see if this had any affect. I duly gave it 
agenerous squirt, which also hit some 
of the surrounding components, and 
was surprised to hear sound from the 
tuner. The sound then disappeared 
again after a few minutes, as the cir- 
cuit warmed up again. I repeated the 
freezer procedure, applying a more 
judicious squirt this time, but nothing 
happened. 

Feeling sure I was within an ace of 
cracking this, I started freezing the 
surrounding components. Nothing 
happened until I reached C18 and 
C19, two red Elna 4.74F 16V submin- 
iature electrolytic capacitors. These 
are in the audio path directly ahead of 
IC2. 

Freezing these had an immediate 
effect, with both channels switching 
on. Repeating the procedure several 
times confirmed that these devices 
were indeed heat sensitive and though 
they made no difference to the audio 
signal immediately after them, they 


were somehow upsetting the DC con- 
dition on IC2. 

And I have no doubt that it was 
leakage that was responsible; enough 
leakage to apply a disabling voltage to 
IC2 and shut it down. I cut the two 
offending devices off the board and 
fitted new ones. And that fixed the 
tuner but that was all. 


Tape player 

Now what about the tape player? 
Reinstalling the tape mechanism and 
playing a tape still produced no sound 
until, by carefully spraying freezer un- 
derneath the deck, I found another 
two Elna electros - C37 and C38 — that 
were heat sensitive. These were 
marked 474F on the circuit but were 
actually 4.74F on the board. Replac- 
ing these two fixed the tape problem 
and so it was on to the CD player. 

This was an entirely new ball game 
because no audio was entering the 
front end from the external CD 
autochanger. I carefully dismantled 
the 10-CD stacker and watched as the 
mechanism found the selected CD and 
moved it over to the player. But that is 
where it stayed; the motor didn’t spin 
the disc and the display was left show- 
ing the “LOAD” designation. 

Now some CD players require the 
laser to focus first before letting the 
disc spin, while others do it the other 
way around. Similarly, for the start- 


OCTOBER 1998 55 


56 


Tare so00ny 
ROMY PRE our 


pa tecmy 
ie 
CO-cw Waive 


Tare “1somy 
ony 
sony 


in 
20-cu' S8hv 


ah 


DOLEvEL aos. 
Crowston 


Tare co Ane 
hiner 
wor-wea-os 


SILICON CHIP 


e00ny 
eony 
Soar 


Wit 


Wy 
eb-cn 


Eb- en 37sm 


pecasroc | su 2060mo 


mean ene our 


Fig.2: the block diagram for the Kenwood KRC-810 car sound system. 


ing position of the sled motor. The problem here was 
how to check the laser focusing, as access was rather 
difficult. 

The only thing to do was to remove all the covers 
until the underneath of the CD could be seen. I was in 
the course of doing all this when the improbable 
happened — the CD started to work properly and I 
couldn’t make it fail. I can only put it down to either 
poor connections in the ribbon cable connectors or a 
dirty/noisy limit switch (S902) on the sled. Anyway, I 
cleaned the laser lens, checked its alignment and put 
it aside to soak test. 


Princess or frog? 


My next job belonged to Mrs Payne and involved a 
Princess TV set. Unfortunately, it was behaving more 
like a frog than a princess and no amount of kissing 
would alter its state! 

More precisely, it was a Princess model 14CT9 TV 
set, which is really a Goldstar PC04X chassis in dis- 
guise. It came in originally for a faulty on/off power 
switch but as these sets are getting a bit long in the 
tooth, I quoted to also replace all the troublesome 
electros (C801, C802, C810, C817 & C818) in the power 
supply which can cause very similar symptoms, 

The job was quite routine, although I did have to 
unsolder and remove the heatsink for the chopper 
transistor to allow access to the electros. Anyway, 
when all was done the set performed well and was 
allowed to soak test. 

The lady ultimately collected it and everyone was 
happy. That is until two weeks later when a less than 
happy customer returned with her TV set which was 
no longer producing a picture — just a bright (yellow- 
ish) raster. 

She gave the strong impression that the new symp- 
toms must be entirely due to the work I had completed 
earlier. Such complaints go over my head but I lis- 
tened sympathetically and promised I would give my 
most earnest and immediate attention to her Princess. 

I have written before (April 1997) on this very 
problem and felt that, given my time and experience 
with this model, I should crack it quickly. By changing 
modules, I quickly eliminated the chroma module 
and its sometimes troublesome IC501 (TA3562A), even- 
tually isolating the problem to the CRT base board. 
Measuring the voltages on this board didn’t reveal 
anything specific, other than that they were all incor- 
rect. So I started to tediously replace the components 
one by one. 

When I reached the three BF 421 transistors (Q902, 
Q904 and Q906), I checked them with a multimeter 
and they all measured OK. However, as I had just 
completed the new Automatic Semiconductor Ana- 
lyser kit (SILICON CHIP, July 1998), I thought I would 
give it a go on these transistors. The display correctly 
identified them as being PNP types and the hfe was 
around 125 for two of them. But one — Q906 for the 
blue gun — had a gain of only 55. I replaced it and 
switched it on to be rewarded with a perfect picture. 

But how or why did this happen? The transistor had 
only changed its gain and everything else was normal, 
My only theory is that perhaps a flashover within the 


BELIEVE IT OR NOT, T MANAGED 
To GET IT ALL BACK TOGETHER 
WITHOUT ANY FURTHER ACCIDENTS 


tube had somehow created this freak 
change in hg, value. Anyway, to give 
SILICON CHIP a plug, I don’t think I 
would have picked this fault without 
the Automatic Semiconductor Ana- 
lyser — buy yourself one now! 

Mrs Payne was still a pain when 
she picked the set up but I charged her 
again anyway. 


Accidents happen 


The next customer brought in a 1993 
Teac MV1490 Televideo — a combina- 
tion 34cm TV set and VCR — and it 
had had a hard life. The owner was an 
advertising agent and used it to present 
and describe the products he was ad- 
vertising. It was rusty on all the metal 
work and the top of the case had been 
warped in the sun — presumably be- 
cause it had been left in the back of 
his station wagon on a hot day. 

Mr Anderson's complaint was that 
it was chewing up tapes, particularly, 
he perceived, on the righthand (take- 
up reel) side. I was dreading repairing 
this as access is normally appalling 
on this sort of equipment so, when I 
managed to get it out, I was pleasantly 


surprised at how easy it had been. 
The only major problem was how to 
service it with any degree of access 
because the leads are far too short. 

In the end, I unplugged the half 
dozen leads that plug into the back of 
the VCR, turned the deck around and 
plugged them back in again. Even so, 
it was still pretty tight and as I had a 
mechanical fault, I needed to get un- 
derneath the PC board on top as well 
as underneath the deck. Finally, Iman- 
aged to balance the VCR on its side 
and examine what was happening. 

The device was made in Korea 
which whittled the manufacturer 
down to Samsung, Goldstar or Dae- 
woo. My guess is that it was a Daewoo 
mechanism, as it is very similar to an 
NEC VCR. The problem was insuffi- 
cient torque on the take-up spool and 
there was a fair amount of noise com- 
ing from the reel idler gear assembly. 

As all these gears are plastic, I de- 
cided to quote to replace all of them. 
In the course of trying to identify pre- 
cisely where the problem lay under- 
neath the deck, the whole VCR moved 
too close to the TV chassis until sud- 


denly there was a burning noise (how 
do you define that?) and a smell. 

The main PC board of the VCR had 
made contact with the CRT socket 
board. “Oh bother” I said — or words 
to that effect—and added “copy of one 
circuit diagram” to the order (the Serv- 
ice Manual costs $80). 

When the gears arrived from Mel- 
bourne, I eventually pinpointed the 
VCR problem as a broken plastic re- 
tainer on a bracket assembly. This was 
allowing the end ofa leaf spring to hit 
and jam the idler gears. All was now 
OK with the tape deck. 

As to the TV set, my carelessness 
had resulted in no picture or sound 
from the tuner. I tried to pinpoint 
exactly where the two boards had 
made contact and I worked this out to 
within few centimetres. Ithen checked 
the voltages but there were no clues to 
be had here — they were all as one 
would have expected. 

The most likely suspect was the 
LA7555 IF processor (IC701), as noth- 
ing was coming out of it, Replacing 
this 24-pin high density IC restored 
the picture but the sound was low 
compared with the tape playback. Of 
course, I only discovered this when 
the covers were all back on. 

Anyway, I delved back in and fol- 
lowed the sound out from IC701. Well, 
there was sound aplenty on pins 1 
and 3 but not enough, I surmised, on 

in 5. 

I followed this track to R417, C418 
and pin 18 of IC401 (BA7790LS). The 
sound was OK on playback on pin 16, 
so what had I missed? The answer 
was a line from pin 18 going down to 
Q481 and Q480, which appear to be 
some sort of muting circuit. 
Unsoldering the collector of Q481 re- 
stored the full volume but replacing it 
only made things worse. Replacing 
Q480 as well finally fixed the prob- 
lem. 

Believe it or not, I managed to get it 
all back together again without any 
further accidents and it is now on 
soak test waiting for the customer. 
However, I can’t help wondering how 
much wire costs the manufacturer. Is 
itso expensive that they couldn't spare 
another 7cm or so, so that one can 
easily can work on the deck with suf- 
ficient room at the rear? Alternatively, 
perhaps they could cover the track 
side of the CRT socket board with 
plastic as they used to do in the early 
Rank Arenas. sc 
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25-turn industrial 
trimpots 

Jaycar Electron- 
ics now has avail- 
able a range of 25- 
turn trimpots in 
values of 1002, 
5009, 1kQ, 2kQ, 
5KQ, 10kQ, 20kQ, 
50kQ, 100kQ and 
1MQ, The adjust- 
ment for the trim- 
pot is located on the top which 
makes it easier to change any set- 
tings after equipment has been in- 
stalled. 

Selling for $2.95 each, the pi 
have a power rating of 0.5W at 70 
The pins are aligned in a row and 
are spaced at 2.5mm intervals, De- 
tails from Jaycar Electronics, 8-10 
Leeds St, Rhodes, NSW 2138. Ph: 
(02) 9743 5222; Fax: (02) 9743 2066 


AUDIO MODULES 
broadcast quality 


Manufactured in Australia 
Harbuch Electronics Pty Ltd 
9/40 Leighton Pl. HORNSBY 2077 
Ph (02) 9476-5854 Fx (02) 9476-3231 


Rockby Catalog 

Along with a very 
comprehensive range of 
everyday-type compo- 
nents the 188-page 
Rockby Electronics 
catalog also features a 
wide variety of parts, 
bits & pieces and hard- 
ware suitable for the 
electronics service industry. Of par- 
ticular note are the 40 or so pages 
of components specifically for TV/ 
monitor and VCR servicing. 

All items are well indexed and 
illustrated, either by line drawing 
or photograph, with pricing details 


a 
a 


CSS 


included. Rockby Electron- 
ics, based in the Melbourne 
suburb of Huntingdale, 
claim that most items in 
the catalog are ex stock and 
will express post, overnight 
air freight or local courier 
(Melbourne only) with just 
a $10 minimum order. 

They also have a web site 
which often has products 
not featured in the catalog 
(www.rockby.com.au). 

For a copy of the 1998 Rockby 
electronics component catalog, 
contact Rockby on (03) 9562 8559, 
fax (03) 9562 8772 or email 
sales@rockby.com.au 


Panel meters for power analysis 


The new Elcontrol Power and har- 
monics analyser allows accurate 
monitoring of the quality of 
three-phase supply, generation 
within an installa- 
tion and the import- 
ing and exporting of 
power. The VIP96 
PLUS is a panel- 
mounting instru- 
ment providing 
visual readout as 
well as digital out- 
put via a multi-drop 
communication. 
The instruments 
measure the value 
for line voltage and 
current power factor, analysis for 
voltage and current to the 24th or- 
der including percentage values as 
well as the individual displacement 


phase angles and total harmonic dis- 
tortion (THD) expressed as a per- 
centage. 

The VIP96 PLUS measures power 
(kW, kVAr) and energy 
with programmable in- 
tegration times ranging 
from 1-60 minutes. The 
instrument is fully pro- 
grammable for any CT 
or PT combination. Net- 
working software is pro- 
vided by the VIPLINK/ 
VIPLOAD and VIPVIEW 
packages, permitting 
up to 247 instruments 
to be linked to a central 
PC. 

For further information, contact 
Nilsen Technologies 150 Oxford St, 
Collingwood, Vic 3066. Phone (03) 
9419 9999; Fax (03) 9416 1312. 


Repairs, restorations, custom-build & sale of valve audio or vintage radio gear. New, NOS & used valves, 
parts, books & circuits for DIY enthusiasists. Send SSAE (45c) DL size envelope for mail-order catalogue. 


5) Valve Electro 
SS 


nics Pty Ltd 


PO Box 467 Newtown NSW 2042 


Ph 02 9557 2212 Fax 02 9516 3981 - email valvel @ozemail.com.au 
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"Un-Du" adhesive 
remover 


Dick Smith Elec- 
tronics stores have 
available an adhe- 
sive remover 
which not only re- 
moves labels with- 
out damaging ei- 
ther the label or 
the surface it was 
on but allows the 
adhesive to regain 
its stickyness so 
the label can be 
used again. 

“Un-Du” is claimed to remove 
most types of sticky labels and tapes 
from paper, glass, plastic, walls, 
most clothing, carpet, furniture, 
metals and leather without leaving 
any adhesive residue. It comes with 
a tool which assists in removal. A 
30ml bottle retails for $9.95 (Cat. N- 
1204). 

It is available from all Dick Smith 
Electronics stores and dealers. For 


further information, contact Dick 
Smith Electronics, Lane Cove & Wa- 
terloo Rds, North Ryde NSW 2113. 
Tel 9937 3200; Fax 9888 1507. 


CD pickup meter for 
jitter measurement 


Leader Instruments have released 
a CD Pickup meter designed for real 
time measurement of jitter in EFM 
signal output from a CD player. Sta- 
ble measurements can be performed 
even when track jumping occurs or 
when measuring stained or 
scratched discs. The instrument au- 
tomatically tracks an input signal 
over a range from 30mV to 3V. The 
measurement is compared with a 
preset value and displayed in GO/ 
NO GO format. A DC voltage propor- 
tional to the meter indication can 
also be obtained. 

For further information, contact 
Stantron Australia Pty Ltd, Suite 1, 
Unit 27/7 Anella Avenue, Castle Hill, 
NSW 2154. Phone (02) 9894 2377; 
fax (02) 9894 2386. 


Wideband receiver for EMC testing 


The new AFJ EMI modular re- 
ceivers cover the frequency range 
from 9kHz to 1GHz and are suitable 
for full EMC compliance and oper- 
ate in spectrum analyser mode. They 
are equipped with quasi-peak de- 
tectors and can have up to 10 fixed 
and tuned preselector filters, pro- 
viding more than 40dB attenuation 
for intermediate frequency, image 
frequency and intermodulation ef- 
fects. 

Optional features include short 
and long click counting, as well as 
continuous interference observation 
via tuning to CISPR-required frequen- 
cies. 


The ER55 receivers are PC-based 
and are controlled by Windows soft- 
ware. This enables the operator to 
set up parameters as specified by 
CISPR 16 or according to individual 
requirements. 

The program allows the setting of 
frequency range, frequency step, se- 
lection of detectors (peak, quasi-peak 
and average) and antenna correc- 
tion factors. Customised software for 
communication with controllers of 
slide-bars, turntables and antenna 
masts is also available. 

A wide range of accessories in- 
cludes LISNs, bi-tonic, log-periodic 
and broadband antennas, loop an- 
tennas, near- 
field probes, pas- 
sive probes and 
absorbing clamps. 

For further in- 
formation, contact 
Westek Industrial 
Products Pty Ltd, 
Unit 2, 6-10 Maria 
Street, Laverton 
North, Vic 3026. 
Phone (03) 9369 
8802; Fax (03) 
9369 8006. 


ELECTRONIC 
COMPONENTS & 
ACCESSORIES 
© LARGE RANGE OF ICs, RESIS- 


TORS, CAPACITORS 
& OTHER COMPONENTS 


MAIL ORDERS WELCOME! 


CROYDON STORE ONLY 
ELECTRONIC DISPOSALS 
CLEARANCE! 

OPEN FRAME 240V INDUCTION 
MOTORS 600 WATT AND 900 

WATT. 


600 WATT - $15 EACH OR 10 FOR $100 
900 WATT - $18 EACH OR 10 FOR $120 
LARGE VARIETY OF 
DISPOSALS TRANSFORMERS 
AT GIVEAWAY PRICES! 

Croydon Ph (03) 9723 3860 

Fax (03) 9725 9443 

MilduraPh (03) 5023 8138 

Fax (03) 5023 8511 


ELECTRONIC WORLD Pty Ltd 


‘ACN 069 935 397 


24 Langtree Ave 
Mildura Vic 3500 


30 Lacey St 
Croydon Vic 3136 


P.C.B. Makers ! 


Ifyou need: 
P.C.B. High Speed Drill 

P.C.B. Guillotine 

P.C.B. Material — Negative or 
Positive acting 

Light Box ~ Single or Double 
Sided — Large or Small 

Etch Tank — Bubble or 
Circulating — Large or Small 
U.V. Sensitive film for Negatives 
Electronic Components and 
Equipment for 


TAFEs, Colleges and Schools 
FREE ADVICE ON ANY OF 
OUR PRODUCTS FROM. 
DEDICATED PEOPLE WITH 
HANDS-ON EXPERIENCE 

* Prompt and Economical Delivery 


KALEX 


40 Wallis Ave E. Ivanhoe 3079 
Ph (03) 9497 3422 
FAX (03) 9499 2381 
* ALL MAJOR CREDIT 
CARDS ACCEPTED 
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. . . adding an external 


battery pack to a flashgun 


Build yourself a high-power battery 
pack for your photographic flashgun 
and spend almost no time waiting for 
the “ready” light to come on! 


By JULIAN EDGAR 


For years, I used a series of old 
35mm Ricoh and Pentax camera bod- 
ies for all my photographic require- 
ments. While long in the tooth, these 
cameras worked well enough to pro- 
duce high-quality photographs that 
were published in many magazines. 
But although I could get away with 
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relatively cheap cameras, one thing 
became apparent earlier in my pho- 
tography career — I needed a good- 
quality flashgun. 

When using a flashgun, it's normal 
to shoot at medium or open apertures 
like f4 or f5.6. In these conditions, 
most garden-variety flashguns work 


well. However, the depth of field (the 
zone of the picture in focus) is quite 
shallow and this is unsuitable fora lot 
of photographic work 

For good depth of field, you need to 
shoot at a stopped-down aperture like 
f11 or f16. And if you shoot at this 
aperture, you need a very powerful 
flash. For this reason, I lashed out and 
bought a secondhand Metz 60CT-1. 
This flash pumps out a lot of light -so 
much so that if it were powered from 
ls, they would be flattened quite 


To avoid this problem, the Metz 
60CT-1 flash uses a sealed lead acid 
(SLA) battery pack that hangs from a 
shoulder strap. At 1.6kg, this battery 
pack isn't exactly light but it gives the 


OUTPUT 
SOCKET 


Fig.1: the battery is connected to the 
power output socket through one pole 
of the DPDT switch. The other pole 
turns on the flashing LED, which 
provides power on/off and on-charge 
indication. 


flashgun two major advantages. 

First, the Metz SLA battery lasts for 
along, long time. In my case, I charged 
it after every 10 or so 36-exposure 
films and it never let me down. Sec- 
ond, the SLA battery pack provides a 
very short recycle time for the flash. 
That's because the large battery 
to deliver sufficient current to qui 
recharge the high-voltage capacitor 
inside the flash unit. In an environ- 
ment where the flash is being used at 
full power and you need to make a 
couple of quick exposures, one imme- 
diately after the other, this is invalu- 
able. 

So is that the end of the story? Was 
Julian a “happy chappy” with the 
Metz? Not quite. As my demands grew, 
the shortcomings of the Ricoh and 
Pentax bodies gradually became more 
apparent. Their lack of auto-focus and 
other features meant that I could see 
better results coming from a new cam- 
era. The Metz unit also couldn’t per- 
form fill-in flash functions (where 
shadows are subtly illuminated) and 
as for a motor drive, what was that? 


A new camera 


There was nothing for it but to bite 
the bullet and so it was off to the store 
to buy my second new camera in 15 
years. After a great deal of delibera- 
tion, I settled on a Nikon F5 with a 
Nikon SB28 flash and a few lenses. 
It’s great gear and works very well 
indeed but I soon realised that the 
SB28 flash had a massive appetite for 
AA cells! With four brand new AA 
cells fitted, I found that shooting with 
full power flash would flatten the bat- 
teries in just one roll of film! 

What’s more, the recharge time was 
inordinately slow, even when there 
was still plenty of juice left in the 
batteries. I started taking the “flat” 


The battery pack has only 
an on/off switch, a LED and 
the power socket. The large 
red LED flashes whenever 
the power pack is switched 
on or the battery is being 
recharged. 


Inside, the battery pack appears to be .. . 


well, all battery! If you look closely, 


you can also see the 15A blade fuse (top). Note how part of the central 
aluminium boss at the top has been ground away to allow clearance for the 


positive battery lead. 


batteries out of the flash and putting 
them aside for my torch but when the 
box marked “torch” had no less than 
32 cells in it, I decided that a new 
approach was required. 


lexamined what was available com- 
mercially and found that there are a 
few different external battery packs 
available for the Nikon flash — no sur- 
prises there. But the cost! Nikon has a 
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(a) STANDARD FLASH BATTERY PACK 


Fig.2(a): the flashgun normally uses four 
AA cells, installed in this manner. 


TO EXTERNAL 
BATTERY PACK 


(b) CENTRE TWO CELLS NOT PRESENT AND WIRES 
SOLDERED TO CELL TERMINALS AS SHOWN 
Fig.2(b): only two cells are installed when 

the external battery pack supplies the 
flashgun ~ one with a lead soldered to its 
positive terminal and the other with a 
lead soldered to its negative terminal. 
Note that the supply current does NOT 
flow through the cells! 


ue 
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pack that carries external dry batter- 
ies and it will set you back $200. 
Another company, Quantum Instru- 
ments, produces a series of external 
battery packs using SLA batteries. 
They feature battery level indicators 
plus a nice case and that’s about it. 
They are widely used by professional 
photographers and cost about $1000. 
Gulp! 

OK, so why not make one for my- 
self? Well, I did and it cost me less 
than $130. 


The parts 


The battery pack was made to suit 
my specific requirements and some 
parts and techniques may not be ap- 
plicable to you. So feel free to mix and 
match to come up with what you need. 
One of my requirements was that all 
parts for the battery pack had to be 
available “off the shelf”. My other re- 
quirements concerned durability and 
ease of use in the field. 

I started off with a standard diecast 
alloy case that measures 171 x 121 x 
55mm. It’s available from Jaycar (Cat. 
HB-5046) and costs $27.95. The rea- 
son that I picked the alloy case is 
because it’s extremely strong while 
still being lightweight. In the environ- 
ments where I am often taking flash 
photographs (drag racing, automotive 
workshops, etc), the battery pack is 
quite likely to hit concrete floors and 
knock against tripod legs, so it needs 
to be capable of standing up to a cer- 
tain amount of abuse. For more nor- 
mal household use, a sealed ABS-plas- 
tic enclosure would probably suffice 
—at a lot lower cost. 

Oh yes, another thing. Be warned 
that the chosen SLA battery is a very 
tight fit inside the specified alloy box. 
In fact, you will have to grind away 
some of the cast bosses within the 
case and part of the inner sealing chan- 
nel of the lid if you are to fit the 
battery into it. The advantage? — it 
keeps the battery pack more compact 
and no battery clamp is needed. If you 
want a slighter larger alloy box, Dick 
Smith Electronics sell one that it is 
just a little longer than the Jaycar unit. 


Battery choices 


Talking about batteries, which one 
was used? I needed a 6V battery (1.5V 
x 4 = 6V) and so I selected the Jaycar 
SB-2497 which cost $29.95. In the 
catalog it is rated at 12 amp-hours but 
the rating on the battery itself is 10 


amp-hours. Using this battery, I meas- 
ured an initial current draw of no less 
than 13A for the Nikon SB28 flash but 
this quickly drops away as the capaci- 
tor charges! More importantly, the 
flash results so far have been excel- 
lent. 

With the battery and box selected, 
you could go ahead and build the 
pack. But there are a few other re- 
quirements if it is to be reliable and 
effective in the field. An on/off switch 
is useful and the $3 Dick Smith P- 
7720 rocker switch was the shot. I 
also selected a large (10mm) flashing 
red LED to serve as a power indicator 
and this operates whenever the power 
packis turned on. The LED used came 
from Jaycar (Cat. ZD-1965) and cost 
$1.50. 

Next up was a plug and socket. 
Easy, huh? Well, no it wasn’t. Ini- 
tially, I selected a standard low-volt- 
age plug and chassis mount socket 
similar to that used in cassette record- 
ers and other equipment. That proved 
to be a bad move. The plug was too 
flimsy and the socket actually fell apart 
while it was being screwed to the box! 
Scratch that one. 

Obviously, Ineeded something that 
was much more rugged and Dick 
Smith Electronics eventually provided 
the plugs and sockets that I ended up 
using (1 x P-1820 and 2 x P-1832 at $4 
each). These polarised plugs and sock- 
ets are actually designed for micro- 
phones but they have several impor- 


N 5 
This close-up shows how the switch, 
power socket and indicator LED are 
mounted at one end of the case. Note 
also that the solder lugs on the back of 
the switch have been shortened 
slightly, so that they clear the battery. 


The brackets for the carry strap were 
made from scrap aluminium and 
riveted to the side of the metal case. 


tant features that make them suitable 
for this application: (1) they're made 
of metal; (2) they have large contact 
y have good cable anchor- 

| nd (4) they have a screw- 
on collar that securely attaches the 
plug to the socket. 

And lest you think that I am over- 
emphasising the importance of rug- 
ged sock nnections, think what it 
would be like to be halfway through a 
photo shoot when someone points out 
that the flash has stopped working 
and you look down to see the cord 
dangling free! 

For the same reason, the cable con- 
necting the pack to the flash was care- 
fully selected. Jaycar provided 1.5 
metres of Response Professional Mi- 
crophone Cable (WB1530) which is 
flexible, has heavy conductors and 
isn't too thick, It costs $2.20 a metre. 


Charging the battery 

Finally, how do you charge the bat- 
tery? There are plenty of kits around 
for SLA chargers but that didn't fit 
very well into my “off the shelf” crite- 
rion. In the end, Jaycar supplied their 
MB-3516 plugpack style SLA charger 
for $29.95. It automatically switches 
to trickle charge when the battery is 
fully charged and can deliver 0.5A. 
However, a new plug had to be fitted 
to this charger to match the battery 
pack. 


Putting it all together 


I wired the battery pack as shown 
in Fig.1. The battery is connected to 
the socket through one pole of the 
DPST switch, while the other pole 
turns on the flashing power indicator 
LED. Some readers may think that we 


The electrical connections from the 
external power pack to the flashgun 
were made by soldering the two leads 
to discarded AA cells, which are then 
installed at either end of the flash- 
gun’s 4-way battery holder. Note that 
the current must NOT flow through 
the batteries, which means that the 
two centre batteries are not installed! 


could get away with just a single-pole 
switch but if you did that, there would 
be no way of isolating the flashing 
LED from the battery on the one hand 
or from the battery charger on the 
other. So the 2-pole switch is needed. 

The single socket is used for both 
charging and flash supply. When the 
battery needs to be charged, the flash 
cord is unplugged and the charger 
plugged in instead. The switch then 
needs to be turned on before the charge 
current can flow and the LED flashes 
during charging. I deliberately chose 
to have the LED flashing as a clear 
indicator that the pack was on, as I 
had sometimes previously forgotten 
about the battery pack being on charge. 

A blade fuseholder was also squeez- 
ed into the case and is positioned 
adjacent to the positive terminal of 
the battery. This was fitted with a15A 
fuse. 

If you are using the same alloy case 
as shown here, the wiring will be very 
tight. The fuseholder sits between the 
battery and the wall of the box and is 
held in place with double-sided tape. 
Use reasonably heavy-duty hook-up 
wiring for the supply current wiring 
to the switch, socket and fuse. 


Connecting the flash unit 

My next problem was how to con- 
nect the battery pack to the flash unit, 
without making any modifications to 
the flashgun itself. Initially, I made 
elaborate plugs that fitted into the 
standard battery holder. These repli- 
cated AA cells in size but had metal 
contacts at one end, which were con- 
nected to the power supply cable. That 


This view shows how the two cells 
are inserted into the 4-cell holder. 
The black lead runs to the external 


battery pack. 
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A small U-shaped opening was 
filed in the flashgun’s battery 
compartment door, to provide an 
exit for the power supply cable. 


An SLA plugpack charger easily 
charges the external battery pack, 
Note that the spade terminals on 
the charger have been swapped for 
a plug that matches the battery 
pack’s socket. 
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way, the positive and negative leads 
could be connected to the correct bat- 
tery contacts. A small U-shaped open- 
ing was carefully filed in the battery 
compartment door to allow the leads 
to escape. 

However, I wasn’t happy with this 
arrangement. No matter how carefully 
I made the dummy AA cell connec- 
tors, they didn’t work very well. In 
the end, I decided to use real cells 
instead of dummies. I selected two 
AA cells from my enormous collec- 
tion of flat batteries, tinned the posi- 
tive terminal of one cell and then care- 
fully and quickly soldered a wire to it. 
I then inserted this cell at one end of 
the battery compartment, as shown in 
Fig.2(b). I then did the same for the 
negative terminal of the second cell 
and inserted this at the other end of 
the compartment. 

The other (centre) two cells must be 
left out of the battery compartment, so 
that there is no complete circuit 
through the batteries. In other words, 
the two dummy cells are there only to 
terminate the leads from the external 
battery pack and to make the connec- 
tions to the positive and negative ter- 
minals at either end of the flashgun’s 
battery compartment. 

Note that the two cells must be in- 
serted as shown in Fig.2(b), so that the 
current from the external battery pack 
does NOT flow through the AA cells! 
Note also that this approach could 
NOT be used with a flashgun that 
used only two cells, since that would 
form a complete circuit (nor can you 
buy 3V SLA batteries, for that matter). 


Refinements & performance 


To finish off the pack, I made some 
aluminium brackets and attached a 
tripod carry strap that I happened to 
have handy. If you wanted the pack to 
look even more professional, you 
could have it powder-coated black but 
I didn’t bother. 

With the pack connected to the 
flash, the recharge rate when firing 
the flash on full power is only 2.8 
seconds, about a quarter of the time 
taken with fresh AA cells. When oper- 
ating at less than full power, the flash 
recharges almost immediately. At the 
time of writing, I am yet to flatten the 
battery pack sufficiently to require 
charging. In fact. the measured bat- 
tery voltage has only dropped from 
6.5V to 6.2V after 144 full power flash 
exposures! sc 
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Stop signal overload with this versatile 


Guitar Limiter 


Add some interesting effects to your guitar 
with this versatile Guitar Limiter. It can be 
used to restrict any loud signals to a fixed 
level or adjusted to provide sustain or auto- 


matic level control. 


By JOHN CLARKE 


This versatile Guitar Limiter not 
only provides signal limiting but pro- 
vides some other really useful effects 
as well. They are all easily selected 
and adjusted using a variety of rotary 
controls lined up on the front panel. 
These controls, from left to right, are: 
Gain, Output, Limit, Decay and At- 
tack. 

A power switch and an indicator 
LED are also provided on the front 
panel of the unit. The rear panel car- 
ries two 6.35mm jack sockets (for the 
input and output signals), a bypass 
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switch and a DC power socket. 

The main effect is the limiter and 
this can be used in any number of 
ways. First, you can set the Limit con- 
trol to a high level (ie, fully clock- 
wise) so that normal signals are 
unaffected. At the same time, high 
level signals from the guitar will be 
limited to prevent signal overload in 
your amplifier. Conversely, reducing 
the limit control will produce com- 
pression on loud guitar passages (ie, 
the unit functions just like an auto- 
matic volume control). 


The limiter action can be control- 
led so that it operates quickly (ie, with 
a fast attack setting) or relatively 
slowly when the attack setting is at 
minimum. A fast attack prevents any 
overshoot of the signal above the limit 
level, while a slow attack allows some 
degree of signal increase before limit- 
ing occurs. In other words, a fast at- 
tack setting reduces the dynamic range 
of the music while a slow attack per- 
mits a wider dynamic range. 

The Decay control sets the rate at 
which limiting ceases after the signal 
drops below the limit level. If the 
decay rate is set for a fast response, 
there will be little or no limiting of 
low signal levels when this occurs. 
On the other hand, a slow decay rate 
means that some limiting of low level 
signals will briefly take place after the 
signal drops below the limit level. 

The Attack and Decay controls also 
affect the distortion of the signal when 
it reaches the limit setting. Slow at- 


Main Features 


@ Low noise and distortion 

© Constant level over a 52dB 
input range x 

@ Adjustable limit level 


justable attack and decay 
es 


© Output level control 
© Adjustable input gain 
@ 12AC plugpack powered 
© Compact size Base. 


Pi 


tack and decay settings provide the 
best distortion figures. 


Sustain & ALC 


Above the limit setting, the signal 
is compressed so that the output level 
remains constant even if the input 
level varies. This can be used to main- 
tain the output signal at a constant 
level (volume) as the input signal dies 
away. This effect is called “sustain” 
and it is achieved by setting the Limit 
control to a low level. 

Fairly obviously, you can vary the 
amount of sustain by varying the set- 
ting of the Limit control. 

Combining a low limit setting with 
fast attack and decay settings makes 
the unit operate as an automatic level 
control (ALC), In other words, the 
Guitar Limiter will maintain a fixed 
output level for a wide range of input 
levels. 

Fig.1 shows how the Guitar Limiter 


Tek SWA 500 s/s 10 Acqs 
Chi +Over 
1.1k% 
1> 
Chi -Over 
1.13k% 
HS ng tg ch2 +Over 
39.1% 
am Ch2 -Over 
117% 
CHI TV WE TV MTo0ms ChT J —220mV 


Fig.1: these oscilloscope traces show how the Guitar Limiter typically responds 
when presented with 20dB signal bursts. The top trace is the input signal, while 
the lower trace shows the output from the limiter. 


typically responds when presented 
with 20dB signal bursts. The top os- 
cilloscope trace is the input signal, 
while the lower trace shows the sig- 
nal output from the limiter. These 
waveforms were obtained with maxi- 
mum attack and decay rates. Note the 
slight overshoot at the beginning of 
the input burst and the 150ms recov- 
ery time for the waveform to return to 
normal after the burst signal has 
ended. 


Block diagram 


The general arrangement of the 
Guitar Limiter circuit is shown in 


AMPLIFIER 
ICla 


BYPASS 


OUTPUT 
AMPLIFIER 
Cib 


Fig.2. The input signal is first ampli- 
fied by IC1a and then fed to a voltage 
controlled amplifier (VCA). The gain 
of the first stage can be adjusted from 
about 3-46 using potentiometer VR6. 

The VCA stage is based on an Ana- 
log Devices SSM2018 chip. This de- 
vice features a 117dB dynamic range, 
.006% THD at 1kHz and unity gain, 
and a 140dB gain control range. In 
addition, the output amplifier can be 
set to operate in either class-A or Glass- 
AB mode. We used the class-A mode 
since this provides excellent distor- 
tion characteristics (the class-AB mode 
improves noise performance by 3dB 


Fig.2: the block diagram for the Guitar Limiter. The signal is limited by using a voltage controlled amplifier (VCA). 
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but the distortion is 10 times higher). 
Changing from one mode to the other 
simply involves changing a resistor 
value. 

Put simply, the VCA changes its 
gain (ie, amount of amplification) ac- 
cording to a control voltage applied to 
one of its inputs. This control voltage 
is derived as follows. 

Following the VCA, the signal is 
applied to both level control VR5 and 
to a precision full-wave rectifier. The 
latter produces a DC output voltage 
whose level is directly related to the 
signal level at the output of the VCA. 
This “control” voltage is then 
smoothed using a variable RC filter 
network and applied to the control 
input of the VCA. 

As a result, the gain of the VCA is 
automatically adjusted so that it pro- 
duces a constant signal level at its 
output. The response of the variable 
filter determines how quickly or 
slowly the gain of the VCA is control- 
led. The gain limiter block (IC3d, VR4 
& D4) prevents the control input of 
the VCA from going below a certain 
preset voltage. This limits the overall 
gain of the VCA by ensuring that lim- 
iting is initiated at a certain preset 
minimum signal. 

Returning now to level control VR5, 
its output is applied to amplifier stage 
IC1b. This IC functions as a unity gain 
buffer stage and its output signal is 
fed to the Effects switch (S2). This 
switch then selects either the proc- 
essed signal from IC1b’s output or the 
unprocessed signal at the output of 
amplifier IC1a. 


Circuit details 


So much for the circuit basics. To 
find out how it’s all achieved take a 
look now at the full circuit diagram 
shown in Fig.3. There are just three 
ICs and all the major circuit parts can 
be directly related to the block dia- 
gram (Fig.2). 

The guitar signal comes in via the 
3.5mm input socket and is fed to pin 5 
of op amp IC1a via a 109 resistor and 
a10uF capacitor. The associated 22kQ 
resistor to ground provides the 0V 
reference for the signal path while the 
109 resistor and 10pF capacitor filter 
out RF signals which could otherwise 
cause distortion or overload in the op 
amp. 

IC1a is a low-noise low-distortion 
op amp, part of a dual LM833 pack- 
age. Its gain is set by the 100kQ feed- 


Frequency response: -3dB at 30Hz and 15kHz (measured below com- 


pression limit) 


Signal-to-noise ratio (with respect to 1V): 80dB with 22Hz to 22kHz filter 
and 82dB A-weighted at 100mV signal limiting and minimum gain; 75dB 
with 22Hz to 22kHz filter and 80dB A-weighted at 8mV limiting 


Harmonic distortion at slowest attack and decay settings: < 0.07% at 
1kHz & 10kHz for 18mV to 1V input 


Limiting range: 2.5mV to 2.5V 
Attack time: 1ms to 150ms 


Decay rate: 50dB/second to 8dB/second 
Maximum input signal before clipping: 2.5V RMS at minimum gain; 


150mV RMS at maximum gain 
Output level: 0-1V RMS 


back resistor (between pins 7 & 6) and 
the total resistance between pin 6 and 
ground. This latter resistance consists 
of a 2,2kQ resistor and a series 50kQ. 
pot (VR6) which is used to vary the 
gain between three and 46 times. 

The maximum gain of 46 occurs 
when VR6 is at its minimum (ie, gain 
= 1 + 100,000/2200 = 46), while the 
minimum gain occurs when the pot is 
at its maximum value. The 68pF ca- 
pacitor across the 100kQ feedback re- 
sistor rolls off the frequency response 
for signals above about 23kHz and is 
included to prevent high-frequency 
oscillation in the op amp. 

The amplified signal from IC1a is 
coupled to pins 6 & 4 of IC2 which is 
the Voltage Controlled Amplifier 
(VCA) stage. As discussed previously, 
its gain is set by the voltage applied to 
its control input at pin 11. The 18kQ 
input resistor and the 18kQ resistor 
between pins 3 & 14 set the VCA gain 
to 1 when pin 11 is at ground. 

The 680pF capacitor between pins 
5 and 8 is included to compensate the 
amplifier and prevent instability. 
Similarly, the 390pF capacitor across 
the 18kQ resistor at pins 3 & 14 pro- 
vides high frequency rolloff. 


Precision rectifier stage 

The output from IC2 appears at pin 
14 and is fed to the full-wave preci- 
sion rectifier stage via a 3.3uF bipolar 
capacitor and a 20kQ resistor. This 
stage comprises op amps IC3a, IC3b & 
IC3c (all part of a quad TLO74 IC pack- 
age), plus diodes D1, D2 and associ- 
ated resistors. 


When the signal on pin 6 of IC3a 
swings positive, the signal at the pin7 
output swings negative and diode D2 
is forward biased. The gain of this op 
amp stage is thus set to -1 by the 20kQ 
input and feedback resistors. 

Because D2 is forward biased, the 
signal on pin 7 of IC3a also appears at 
D2’s anode and is coupled to the in- 
verting input (pin 2) of IC3b via a 
10kQ resistor. IC3b's gain is set by this 
10kQ input resistor and a 180k feed- 
back resistor to -18. This means that 
the overall gain for the signal from pin 
6 of IC3a to pin 1 of IC3b is -1 x -18 = 
+18. 

However, IC3b doesn’t only derive 
its input signal from IC3a. The signal 
from IC2 is also fed to pin 2 of IC3b via 
a separate 20kQ resistor (ie, pin 2 of 
IC3b is fed via two different signal 
paths). In the latter case, IC3b oper- 
ates with a gain of -9 and adding the 
two gains (for the two paths) gives us 
an overall gain of +9. 

For negative input signals from IC2, 
IC3a’s output is clamped because D1 
is now forward biased. The input sig- 
nal can now only pass via the 20kQ 
resistor that connects to pin 2 of IC3b. 
As before, IC3b functions with a gain 
of-9 and so the resulting signal on pin 
1 is again positive. 

In summary, the circuit operates 
with an overall gain of +9 for positive 
input signals and -9 for negative input 
signals. The output from pin 1 of IC3b 
is thus always positive and so the 
circuit functions as a full-wave recti- 
fier. 

The resulting full-wave rectified sig- 
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Fig.4: follow this wiring diagram when mounting the parts on 
the PC board. Take care with component orientation and note 
that IC2 faces in the opposite direction to IC1 and IC3. 


INPUT OUTPUT 


Ni 


= 
ca 
Sits 


nal from pin 1 of IC3b is filtered using 
D3, VR1, VR2 and its series 68kQ re- 
sistor, and two series-connected 1004F 
capacitors (C1 & C2). D3 allows the 
100uF capacitors to charge via VR1 
(Attack) but at the same time ensures 
that they can only discharge via VR2 
(Decay) and its series 68kQ resistor. 
This effectively provides us with sepa- 
rate control for the VCA attack and 
decay times. 

The filtered DC voltage is applied 
to pin 11 of IC2 (the voltage control- 
led amplifier) to control its gain, as 
described previously. 

VR3 sets the no-signal control volt- 
age applied to the VCA. This trimpot 
can be adjusted to produce a voltage 
on pin 10 of IC3c anywhere between 
+12V, It is normally set at about OV 
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and this is buffered by voltage fol- 
lower IC3c which sets the bias on pins 
5 & 3 of IC3a & IC3b respectivel 

Essentially, VR3 sets the no-signal 
offset voltage at the output of IC3b. In 
practice, it is adjusted so that the sig- 
nal at pin 14 of IC2 is at 1VAC under 
high input-signal conditions. 


Gain limit adjustment 

Trimpot VR4 is used to set the maxi- 
mum gain of the VCA (ie, the gain 
limit). The voltage on its wiper can be 
set anywhere in the range from -1.2V 
to +1.2V and this is then buffered by 
IC3b and fed to diode D4. 

In operation. this sets the minimum 
voltage that can be applied to IC2's 
control input (pin 11). It does this by 
clamping the voltage on pin 11 so that 


it cannot go below the voltage set by 
VR4. If the filtered control voltage 
from the precision rectifier does fall 
below this level, D4 conducts and ap- 
plies the clamp. 

Conversely, the voltage on pin 11 
can rise above this minimum clamp 
level. That's because if the control 
voltage from the precision rectifier 
tises, D4 will be reverse biased and so 
the voltage on pin 11 of IC2 is free to 
tise to limit the gain of the VCA. 


Output stage 


The pin 14 output of IC2 is AC- 
coupled to level control VRS via a 1uF 
capacitor. From there, the signal on 
the wiper is coupled via another 14F 
capacitor to pin 3 of op amp stage 
IC1b 


Table 1: Resistor Colour Codes 


z 
T 


Value 
180kQ 
100kQ 
68kQ. 
24kQ. 
22kQ 
20kQ 
18kQ 
10kQ 
4.7kQ 
1002 
109 


Oooocoocooooo 
ANA an o a aa a 


IC1b functions as a non-inverting 
unity gain buffer stage. Its output ap- 
pears at pin 1, after which the proc- 
essed signal is fed to one terminal of 
switch $2 (Effects/Bypass). S2 selects 
between the processed (ie, limited) 
signal coming from the VCA, or it can 
bypass the effects circuit by selecting 
the signal at the output of IC1a (via a 
100Q resistor and 14F capacitor). 

The 1002 resistor in series with the 
output of IC1b prevents this stage from 
oscillating when long leads are con- 
nected to it, 


Power supply 


Power for the circuit is derived from 
a 12V AC plugpack via on/off switch 
S1. Diodes D5 and D6 provide half- 
wave rectification to give +16V (nomi- 
nal) rails which are then filtered us- 
ing 470uF capacitors. The resulting 
DC is then applied to 3-terminal regu- 
lators REG1 & REG2 which provide 
the +12V supply rails. 

The 10pF capacitors at the regula- 
tor outputs are included to ensure 
stability, while LED 1 and its associ- 
ated 4.7kQ current limiting resistor 
function as a power on/off indicator. 


Construction 


The Guitar Limiter is really easy to 
build since virtually all the parts, in- 
cluding the pots and 3.5mm jack sock- 
ets, mount on a single PC board. This 
board is coded 01308981 and meas- 
ures 117 x 102mm. 

Fig.4 shows the parts layout on the 
PC board. Before mounting any of the 
parts, check your etched board for 
any defects by carefully comparing it 
with the published pattern. This done, 


4-Band Code (1%) 

brown grey yellow brown 
brown black yellow brown 
blue grey orange brown 
red yellow orange brown 
red red orange brown 

red black orange brown 
brown grey orange brown 
brown black orange brown 
yellow violet red brown 
brown black brown brown 
brown black black brown 


install the eight PC stakes at the exter- 
nal wiring positions (six for the con- 
nections to switch $2, plus one each 
for S1 and the power socket). 

Next, install the ICs, diodes, resis- 
tors and links. Take care with the ori- 
entation of the diodes and ICs and 
note that IC2 faces in the opposite 
direction to the other two. 

Table 1 shows the resistor colour 
codes but we suggest that you also use 
a digital multimeter to check the val- 
ues as the colours on some brands can 
be difficult to distinguish. 

The capacitors can go in next (watch 
the polarity of the electrolytics), fol- 
lowed by the two 3-terminal regula- 
tors. Be careful not to get the regula- 
tors mixed up and make sure that 
their metal tabs go towards the adja- 
cent 10uF capacitors. You must use 
the 7812 device for REG1, while REG2 
is the 7912 device. 

The PC board assembly can now be 
substantially completed by installing 
the potentiometers, the trimpot and 
the 3.5mm jack sockets. Note that sev- 
eral different pot values are used, so 


5-Band Code (1%) 

brown grey black orange brown 
brown black black orange brown 
blue grey black red brown 

red yellow black red brown 

red red black red brown 

red black black red brown 
brown grey black red brown 
brown black black red brown 
yellow violet black brown brown 
brown black black black brown 
brown black black gold brown 


Table 2: Capacitor Codes 


O Value IEC EIA 

QO 0474F 470n 474 
m 680pF 680p 681 
QO 390pF 390p 391 
m 220pF 220p 221 
m 10pF 10p 100 


be sure to choose the correct value for 
each position. Push each pot down 
onto the PC board as far as it will go 
before soldering its leads. The same 
goes for the 3.5mm jack sockets. 

Finally, the power indicator LED 
can be fitted to the board. This should 
be installed at full lead length so that 
it can later be bent over at right angles 
and pushed into a bezel on the front 
panel. 


Final assembly 


The assembled PC board fits neatly 
inside a low-profile plastic instrument 


The rear panel carries the two 6.5mm jack sockets, the bypass switch and the 


power connector 
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Above: use shielded cable for the 
bypass switch ($2) connections and 
note that the pot bodies are all 
earthed. Fig.5 (left) shows the full-size 
etching pattern for the PC board. 


case measuring 140 x 111 x 35mm. As 
shown in the photos, two self-adhe- 
sive labels are affixed to the front and 
rear panels to give a professional fin- 
ish. 

Affix these labels to their respec- 
tive panels, then drill out the holes for 
the potentiometers, power switch and 
3mm LED on the front panel, followed 
by holes for the 6.35mm jack sockets, 
the Effects/Bypass switch and power 
socket on the rear. The best way to go 
about this is to first drill small pilot 
holes at each location and then care- 
fully enlarge each hole to size using a 
tapered reamer. 

This done, secure all the various 
hardware items to the panels. Note 
that the potentiometers are not di- 
rectly fastened to the front panel, as 
such. Instead, the front panel is sim- 


ply slipped over the pot shafts and the 
knobs attached. 

The PC board can now be posi- 
tioned inside the case, along with the 
front panel which slides into a retain- 
ing slot at the front. Secure the board 
to the integral standoffs on the bottom 
of the case using the self-tapping 
screws provided. 

All that remains now is to install 
the internal wiring —see Fig.4. Be sure 
to use short lengths of shielded cable 
for the connections to S2, as shown. 
The remaining connections are run 
using light-duty hookup wire. Note 
that a length of tinned copper wire is 
soldered to all the pot bodies, which 
are then earthed. You will need to file 
away a small amount of the cadmium 
plating on each pot body to allow the 
solder to “take”. 


Testing 

Now for the smoke test but first 
check your work carefully to ensure 
that all parts are correct and the wir- 
ing has been completed. This done, 
apply power and use your multimeter 
to check for +12V on pin 8 of IC1, pin 
2 of IC2 and pin 4 of IC3. 

Similarly, check that -12V is present 
on pin 4 of IC1, pins 16 & 10 of IC2 
and pin 11 of IC3. If the LED doesn’t 
light, it’s probably connected the 
wrong way around. 

The output preset adjustment, VR3, 
can only be set by applying a signal to 
the input. You can use a signal gen- 
erator set to about 500mV output and 
1kHz, or you can use a guitar signal. 
To make the adjustment, first set the 
Limit control (VR4) to minimum and 
the Output control (VR5) to maximum. 
Now connect a multimeter set to read 


Parts List — Guitar 


1 PC board, code 01308981, 117 
x 102mm 

1 plastic case, 140 x 111 x 35mm 

1 front panel label, 131 x 28mm 

1 rear panel label, 131 x 28mm 

2 SPDT toggle switches (S1,S2) 

1 16mm 50kQ lin pot (VR1) 

1 16mm 1MQ lin pot (VR2) 

1 16mm 22kQ lin pot (VR4) 

1 16mm 10kQ log pot (VR5) 

1 16mm 50k® log pot (VR6) 

1 5k® vertical multi-turn trimpot 
(Bourns 3296) (VR3) 

5 15mm knobs 

2 PC-mount 6.35mm jack sockets 

1 insulated panel mount DC 
socket 

2 M3 screws and nuts to mount 
DC socket 

4 self-tapping screws for mounting 
PC board 

1 250mm length of light duty 
hookup wire 

1 100mm length of green hookup 
wire 

1 150mm length of single shielded 
cable 

1 150mm length of 0.8mm tinned 
copper wire 

8 PC stakes 

1 12VAC 300mA plugpack 


Semiconductors 
1 LM833 dual op amp (IC1) 


AC volts to pin 1 of IC1b and adjust 
VR3 for a reading of 1VAC. 

The Guitar Limiter is now ready for 
use. Connect it between your guitar 


iter 


1 SSM2018P VCA (IC2) 

1 LF347 quad op amp (IC3) 

1 7812 positive regulator (REG1) 

17912 negative regulator 
(REG2) 

4 1N4148, 1N914 signal diodes 
(D1-D4) 

2 1N4004 1A diodes (D5,D6) 

1 3mm red LED (LED1) 


Capacitors 

2 470uF 16VW PC electrolytic 

2 100uF 16VW PC electrolytic 

4 10uF 25VW PC electrolytic 

1 3.3uF bipolar electrolytic 

1 2.2uF 16VW PC electrolytic 

4 1uF 16VW PC electrolytic 

1 0.47uF MKT polyester 

1 680pF ceramic or MKT 
polyester 

1 390pF ceramic 

1 220pF ceramic 

2 10pF ceramic 


Resistors (0.25W, 1%) 


1 180kQ 2 18kQ. 
3 100kQ 110kQ 
1 68kQ 14,7kQ 
1 24kQ 21002 
4 22kQ 1109 
3 20kQ 


Miscellaneous 
Cable ties, solder, etc. 


and the amplifier and check that it 
gives a constant volume output when 
the Limit control is at its minimum 
setting. Adjust the Output control to 

set the required volume with 


OUTPUT 


LIMIT 


GAIN 
GUITAR LIMITER 3 


POWER 


DECAY ATTACK 


the Gain control at about 
mid-setting. 

Finally, you can experi- 
ment with the Attack and 
Decay controls to verify their 
effect. You can also try vary- 
ing the Limit control, to 


OUT 


OUTPUT 
L azv ac in 


INPUT 


Fig.6: you can use these two full-size artworks as drilling templates for the front and rear 


panels. Drill small pilot holes first, then carefully ream them to full size. 


change the level at which 
limiting occurs. 

The Gain control sets the 
overall gain of the unit and 
can be adjusted to cope with 
input signals ranging from 
below 150mV to about 2.5V. 
A few minutes spent twid- 
— dling the controls will soon 
demonstrate the capabilities 
of this versatile unit. sc 
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This trickle charger 
is intended for 
permanent “float” 
charging of a lead- 
acid battery which 
could be used for a 
garage door opener, 
security system or 
an emergency 
lighting system. 


A 12V trickle charger 
for “float” conditions 


This 12V battery charger will charge at up to 2A 
and then switch to “float” and keep the battery 
topped up, without any intervention on your 
part. It will run the lead-acid battery in a garage 
door opener, gate opener, security system or any 
other permanently powered system. 


By RICK WALTERS 


The major problem with most cheap 
“off the shelf” 12V chargers is that 
they cannot be permanently connected 
to a battery. They must be discon- 
nected after they have given the bat- 
tery a boost or else they will inevita- 
bly overcharge it. This causes exces- 
sive gassing which splashes acid all 
over the top of the battery and does 
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nothing for the battery life. 

Don’t get us wrong, the standard 
12V auto battery c available 
from auto spare p i hardware 


stores all o country. has its 
place ou out of trouble if 
your s flat and it’s handy 


for giving the boat or caravan battery a 
charge before its next day out. 


But these same 12V chargers are no 
good for “float” use. This is where the 
charger is connected permanently to 
the battery, as is the case in burglar 
alarms and security systems. Here the 
battery must be kept up to the right 
voltage at all times but it must not be 
overcharged 

This project started out to be a trickle 
charger for the battery which was used 
in the Garage Door Opener published 
in the March & April 1998 issues of 
SILICON CHIP. The intermittent use and 
(normally) long time period between 
each use means that a high current 
charger is not required. 

This charger, with the transformer 


specified ll put up to 2A into a 
flat” battery. As the battery voltage 
rises, the charging current naturally 


reduces. But it does not reduce enough 


fl 
activeo Gh 1 

240VAC 
NEUTRAL 


as 
CASE 


TRICKLE CHARGER 


to avoid overcharging the battery. So 
when the battery is fully charged, the 
control circuit switches to trickle 
mode, in which the battery can be left 
connected without damage or worry. 

The trickle mode of operation 
ideal for topping up a car battery with 
an overnight charge, and is more than 
capable of keeping the battery fully 
charged when operating the garage 
door or any other permanently con- 
nected application, 


Charger circuit 


Let's now have a look at the circuit 
of Fig.1. This is really just a conven- 
tional charger circuit with the current 
and voltage limiting circuitry grafted 
on. This part of the circuit has three 
separate phases. First, it limits the 
charging current to 2A. Second, the 
battery voltage rises and the charge 
current reduces. Third, it switches to 
trickle mode. 

The power transformer T1 and 
bridge rectifier B1 comprise the con- 
ventional charger circuit. This pro- 
vides a full wave rectified pulsating 
DC voltage which is fed directly to the 
positive battery terminal. The charg- 
ing current then flows through the 
12V battery, transistor Q4 and the 
0.47Q 5W resistor Rg, then back to the 
negative terminal of the bridge recti- 
fier. 


mastic 


c 
BC557 C 
VIEWED FROM BELOW 


Q3 and Q4 are connected as a Dar- 
lington (compound) transistor which 
has a current gain which is the prod- 
uct of their individual gains. Q1’s gain 
is a minimum of 20 and Q2’s is a 
minimum of 100, so the combined 
gain is a minimum of 2000. 

This means that a base current of 
1mA into Q3 can control a minimum 
of 2A collector current in Q4. 

The base of Q3 is connected to the 
positive supply through a 2.2kQ resis- 
tor. This results in a base current of 
around 6.5mA which turns Q3 and 
Q4 hard on, and would allow Q4 to 
pass peak currents of 13A or much 
more. This is well outside the current 
rating of our transformer and would 
result in a blown fuse and possibly a 
damaged transformer. 

The saving grace is the resistor Rs. 
The voltage dropped across this resis- 
tor is applied to the base of Q2 via a 
2.2kQ resistor. As soon as this voltage 
teaches around 0.55V the transistor 
begins to turn on, taking some of Q3’s 
base current and tending to turn Q3 
and thus Q4 off. If they did turn off 
there would be no current flowing 
through R, and therefore Q2 would 
not be turning on. 

The circuit does a neat balancing 
act, which lets just enough current 
flow through R, to just turn Q2 on 
which steals just enough current from 


Fig.1: the circuit of the 
battery charger uses 
power transistor Q4 as 
the current control 
element. Q2 monitors 
the current through 
resistor R, and 
removes base drive to 
Q3 if the average 
current exceeds 2A, Q1 
monitors the battery 
voltage and gradually 
shuts down the circuit 
as the voltage rises to 
around 14V. 


ag 


Q3 to just let enough current flow 
through Q4 to just let enough current 
flow through R, and so on. 

By selecting a suitable value for Rs 
we can set the maximum battery charg- 
ing current. The only drawback to 
this scheme is that when the current 
is limited like this, Q4 is not satu- 
rated, and as it has some voltage across 
it and current flowing through it, it 
must dissipate this power as heat. 

Once the battery voltage rises to a 
level where the current is less than 
the limit, Q3 and Q4 will saturate (be 
turned hard on) again, and the circuit 
will stay in this state until the battery 
voltage reaches around 14V. 

Q1 monitors the battery voltage 
through the two resistors connected 
to its base. When the battery voltage is 
high enough, this transistor starts to 
turn on pulling the base of Q2 high 
through its 2.2kQ collector resistor. 

Once this occurs we have the same 
situation as before, except this time 
we don’t have current limiting but 
voltage limiting. 

The waveform of Fig.2 shows the 
voltage across Rs. As in any conven- 
tional battery charger, the charge cur- 
rent takes the form of pulses at a rate 
of 100Hz; ie, twice the 50Hz mains 
frequency because of full-wave recti- 
fication. As the battery voltage rises, 
the current pulses become smaller 
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1 PC board, code 14110981, 59 
x 40mm 

1 metal case, 185 x 70 x 
160mm, DSE Cat H-2744 or 
equivalent 

1 power transformer, 15V 2A, 
DSE Cat M-2156 or 
equivalent 

1 TO-3 finned heatsink, DSE 
Cat. H-3400 or equivalent 

1 small finned heatsink (for 
bridge rectifier) 

1 3AG safety fuseholder, DSE 
Cat. P-7916 or equivalent 

1 3AG 0.5A slow-blow fuse 

1 250VAC 3-core mains cord 
and moulded 3-pin plug 

1 cordgrip grommet to suit 
mains cord 

2 2-way insulated terminal 
block 

2 solder lugs 

1 red battery clip 

1 black battery clip 

1m polarised (red/black) 
figure-8 cable (for battery 
leads) 

2 3mm x 10mm threaded 
spacers 

2 20mm x 4mm screws 

8 4mm nuts 

4 15mm x 3mm screws 

6 3mm x 6mm screws 

8 3mm nuts 

5 3mm flat washers 

4 3mm star washers 


Semiconductors 

1 BC557 PNP transistor (Q1) 

1 BC639 NPN 1A transistor 
(Q2) 

1 BD139 NPN power transistor 
(Q3) 

1 2N3055 NPN power transistor 
(Q4) 

1 400V 6A bridge rectifier (BR1) 

Capacitors 

1 22uF 16VW electrolytic 

1 0.22uF MKT polyester 

1 .047uF MKT polyester 


Resistors (0.25W, 1%) 


1 39kQ 11009 
3 2.2kQ 10.472 5W 
11.8KQ 


Miscellaneous 
Hookup wire, heatshrink 
sleeving, solder 
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Tek Run: 20ks/s 


Sample 


Ch1 Pk-Pk 
2.92V 


Ch1 Mean 
664.5mV 


jci TV 


ism one y 


45V 


Fig,2: this the pulse current waveform fed to the battery. It is measured across 


resistor Rs. 


until finally they are tiny blips. 

There are three capacitors in the 
circuit and they are there to ensure 
AC stability. The .047uF capacitor be- 
tween collector and emitter of Q4 and 
the 0.22uF across the 2.2kQ collector 
resistor for Q2 effectively stops the 
Darlington pair (Q3 & Q4) from break- 
ing into supersonic oscillation. The 
22uF capacitor at the base of Q2 filters 
the voltage appearing across Rs. With- 
out the 22uF capacitor, Q2 tends to 
turn on hard as soon as the voltage at 
its base exceeds 0.6V. That immedi- 
ately kills the current through Rs 
which removes the base voltage to Q2 
which turns off again. 

The result can be a “squegging” ef- 
fect whereby Q2 switches on and off 
extremely rapidly at 100kHz or more. 
This radiates interference right across 
the AM broadcast band which is 
undesirable to say the least. With the 
22uF capacitor in place though, the 
circuit is as docile as a lamb. 


Grounded collector 


There is another wrinkle to the cir- 
cuit that may not be readily apparent. 
Unusually, the negative output of the 
charger is earthed to the case and back 
to the 50Hz AC mains supply. The 
reason this has been done is to sim- 
plify the mounting of the 2N3055 
power transistor, Q4. Instead of using 
mica washers and insulating bushes, 
the transistor’s case is bolted directly 


to its finned heatsink and to the chas- 
sis. 

While this method of transistor 
mounting is easier than using a mica 
washer and so on, it could have draw- 
backs if the charger is to be used to 
charge a battery where the load cir- 
cuit is earthed in some other way. 
This could be the case in a burglar 
alarm or security system, for exam- 
ple. Ifthat is the case, then the 2N3055 
must be mounted on its heatsink with 
a mica washer and insulating bushes 
to ensure that the charger output is 
fully floating, 

Finally, we should note that if you 
want to duplicate the oscilloscope 
measurement shown in Fig.2, you will 
need a scope with differential inputs 
oryou will need to temporarily discon- 
nect the case earth. 


Assembly 


Most of the circuitry is accommo- 
dated on a small PC board measuring 
59 x 40mm and coded 14110981. The 
component layout diagram is shown 
in Fig.3. The board assembly is quite 
straightforward and should not take 
long. 

Mount the PC stakes for all the ex- 
ternal connections first, followed by 
the resistors, the capacitors and then 
the transistors. Note that Q1 and Q2 
have different pinouts, as shown on 
the circuit of Fig.1. 

With the board complete, put it 


SAFETY 
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Fig.3: follow this diagram when installing 
the wiring in the case. Note that transistor 
Q4 is mounted upside down under its 
finned heatsink so that the base and 
emitter connections can be easily soldered. 
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Silicon Chip Binders 
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Fig.4: actual size artwork for the PC 
board. 


aside so that work can be done on the 
case. You will need to drill holes to 
mount the transformer, bridge recti- 
fier and transistor heatsink, insulated 
terminal blocks and an Earth solder 
lug. As well, you will need holes for 
the output lead grommet, the mains 
fuseholder and cordgrip grommet for 
the mains cord. 

Drill all the required holes in the 
case and make sure that they are all 
de-burred and cleaned of drilling 
swarf. 

Mount the transformer and bridge 
rectifier in the case in the positions 
shown in the chassis diagram of Fig.4 
and in the photograph. The 2N3055 
power transistor (Q4) is mounted on 
the heatsink upside down, as shown 
in the photos. This has been done to 
make it easier to solder on the base 
and emitter leads, after the transistor 
has been bolted into place. Note that 
you should smear some heatsink com- 
pound onto the transistor’s mounting 
surface before bolting it down. 

The wiring connections between the 
components can be seen in Fig.3. The 
240VAC mains cord should be an- 
chored in a cordgrip grommet and the 
Earth wire connected to an adjacent 
solder lug on the case. Make sure that 
any paint around the solder lug mount- 
ing hole is scraped clean of paint and 
use a star washer under the nut to 
ensure a good connection. 

The transformer has lugs for the 
mains connections and these should 
be sleeved with heatshrink as best 
you can. We mounted the transformer 
so that the mains terminals are placed 
at the rear, well away from where you 
will be measuring. 

Ifyou strip your mains lead back far 
enough you could run the blue lead 
direct to the transformer lug without 
using an insulated terminal block. The 
terminal block for the battery leads 
should be used as it acts as a strain 


ŘS 


e the chassis shows the general wiring. Note that the 2N3055 


power transistor is mounted upside down, underneath its heatsink, to make it 
easy to connect the base and emitter leads. 


reliefand also prevents the leads from 
twisting inside the case. 

When the wiring is complete, check 
it all carefully against the circuit of 
Fig.1 and the wiring diagram of Fig.3. 


Testing 


To test the charger, first make sure 
you have fitted the mains fuse. It's 
amazing how many projects don’t 
work first time because of this. It's no 
use flicking the leads together to see if 
you get a spark as there is no output 


Value 
39kQ 
2.2kQ 
1.8kQ. 
1002 
0.472 


Oooooo 
EET S 


capacitor to discharge, and the cur- 
rent limit also comes into effect. 

You can measure the output voltage 
using a digital multimeter although 
the result is no guide to the eventual 
output voltage when a battery is con- 
nected. It should read around 10V 
(+10%). If this is the case, switch to 
the 10A current range and measure 
the output current with the meter leads 
connected directly to the battery leads. 
You should read around 2A or so. 

Don’t measure the current unless 


Resistor Colour Codes 


4-Band Code (1%) 
orange white orange brown 
red red red brown 


brown grey red brown 
brown black brown brown 


not applicable 


the output voltage is within range as 
you will blow the meter fuse and per- 
haps even the meter itself, 

If you have problems, check that 
you haven't interchanged the two tran- 
sistors on the PC board. Next, check 
the wiring and lastly that all the parts 
are in the right location on the PC 
board and that each value is correct. 

Ifyou wish to check what the actual 
fully charged battery voltage will be, 
place a 2200F 25V electrolytic ca- 
pacitor across the battery leads (posi- 
tive to positive) and measure the volt- 
age again. Our unit measured 14.25V. 
Anywhere between 13.9V and 14.3V 
is acceptable. sc 


5-Band Code (1%) 
orange white black red brown 
red red black brown brown 


brown grey black brown brown 
brown black black black brown 


not applicable 


OCTOBER 1998 


79 


Hifi Review 


Dual CS505-4 
-belt-driven turntable 


The German manufacturer Dual has long 
been a manufacturer of record players and 
turntables and they’re still going strong. Here 
we review their model CS505-4, a belt-driven 
semi-automatic turntable fitted with an 
Ortofon magnetic cartridge. 


By LEO SIMPSON 


What’s this? A review of ancient 
turntable technology for vinyl records 
in this digital age. Well, surprising 
though it may seem, now that it is 16 
years since the compact disc was intro- 
duced, there are still lots of turntables 
being sold every year in Australia. 
The reason is that many people still 
have big collections of vinyl records 
and they si zish to play them. 

Most music systems these days are 
not sold with a turntable so there are 
quite a few buyers in the market for a 
player, And even if you have an older 
turntable, the chances are that its styl- 
ing looks quite out of place with mod- 
ern audio gear which is predominantly 
black in finish. 

OK, so we have established that 
there is a market for turntables which 
is why we are reviewing this model 
from Dual. For anyone who hasn't 
looked at turntables recently, the Dual 
CS505-4 is up-to-date in its styling by 
virtue of its all black vinyl finish on 
the timber plinth and the use of large 
circular feet with anodised aluminium 
dress rings. First used on upmarket 
CD players years ago, this styling fea- 
ture is now widely used on all types 
of domestic audio equipment. 
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In other respects, the Dual turnta- 
ble is traditional, with a smoked 
Perspex lid fitted with spring-loaded 
hinges, an aluminium platter and a 
balanced tonearm. In case you've for- 
gotten, turntables are large and this 
one has overall measurements of 
440mm wide, 372mm deep and 
149mm high with the lid closed. With 
the lid fully open, it is 410mm high, 
so you need plenty of clearance ifit is 
mounted on a shelf. 


Tonearm & headshell 


The low mass tonearm is straight, 
not curved, and it has an angled 
headshell to orient the magnetic car- 
tridge correctly with respect to the 
record grooves. The tonearm is dy- 
namically balanced with a rotatable 
counterweight behind the pivot but 
the tracking force is applied by a spring 
dial. Also provided is anti-skating 
compensation, via a small spring dial 
near the arm pivot. There are two 
anti-skating scales, one for cartridges 
with a spherical stylus and one for 
those with an elliptical stylus. 

The headshell is removable and is 
secured with a locking collar although 
this is somewhat smaller than the com- 


mon EIA collar found on turntables 
made around 20 years ago. It is fitted 
with an Ortofon OMB-10 magnetic 
cartridge which has a removeable (el- 
liptical) stylus assembly. It has a listed 
tracking force of 15 milliNewtons. 
Now that is a change from the unit of 
grams which used to be used for car- 
tridge tracking weights. 

The conversion factor from kilo- 
grams (weight) to Newtons is 9.8 me- 
tres/second? and so 15mN is actually 
close to 1.5 grams. Funnily enough, 
the tracking force dial on the tonearm 
is calibrated in grams not milli- 
Newtons. 

The frequency range of the cartridge 
is quoted as 10Hz to 25kHz but with- 
out limits and there is no figure for 
separation between channels. 


Semi-automatic operation 


Dual’s CS505-4 is a semi-automatic 
belt drive turntable. The “semi-auto- 
matic” approach is for those buyers 
who want the convenience of auto- 
matic shut-off at the end of a record 
but don’t fancy the extra mechanism 
attached to the tonearm to give fully 
automatic operation. Personally, I 
would rather pay the extra money for 
the convenience of fully automatic 
operation because the tonearm is ef- 
fectively decoupled from any drive 
mechanism during normal play op- 
eration. 

The semi-automatic “modus oper- 
andi” of the CS-505-4 is as follows: As 
you move the tonearm away from its 
rest position, the platter starts revolv- 
ing and the lift/lower lever is in the 
UP position. You then position the 
stylus over the beginning of the track 
you wish to play and flick the lift/ 


The Dual CS505-4 is a belt-driven semi-automatic turntable fitted with an 


Ortofon magnetic cartridge. 


lower lever to its DOWN position. 
The stylus then gently lowers into the 
groove and the music starts to play. 

At the end of the record, the tonearm 
is lifted off the surface and the platter 
stops rotating. You then manually 
move the tonearm back to its rest and 
the lift/lower lever flicks back to the 
UP position. If you want to stop play 
before the end of the record, you raise 
the tonearm with the cueing lever and 
then move the arm back to its rest to 
stop the motor. It’s simple and it works 
well, 


Belt-drive system 

The belt-drive system is interesting 
too and is different to that used on 
belt-drive turntables made around 20 
years ago. These turntables usually 
had a flat belt running around an in- 
ner rim of the platter which was typi- 
cally around 220mm in diameter. This 
entailed an expensive casting which 
usually required at least some ma- 
chining to ensure it was balanced and 
so on. 

By contrast, the Dual’s platter is an 


aluminium pressing with a polished 
dress rim and additional mass inside 
the rim to provide extra inertia. It 
weighs 1.2kg. The platter sits on a 
plastic drum about 90mm in diameter 
and this is driven via a flat belt from 
the 12-pole synchronous motor. Two 
speeds are provided, 33.3 and 45 rpm, 
and a pitch control with a total range 
of 6% is included. This knob is cou- 
pled via a toothed belt which actually 
expands or reduces the diameter of 
the main drive pulley. 

A printed strobe disc is supplied to 
let you set the speed precisely using 
light from the 50Hz mains supply. 
Actually, the 50Hz mains supply is 
reputedly not very precise but when 
we measured the speed using a 3kHz 
test track on a disc, the speed was 
found to be within .05% which is 
close enough, even for those with ab- 
solute pitch. 

To isolate the whole record playing 
system from floor-borne and external 
vibrations, the turntable’s pressed steel 
base is sprung and this works quite 
well, to the extent that you can knock 


on the timber plinth without disturb- 
ing the tracking of the stylus. 


Performance testing 


Testing the performance of the 
CS505-4 turntable and cartridge com- 
bination proved to be something of a 
hurdle as far as we were concerned, as 
our much-vaunted Audio Precision 
equipment, in conjunction with some- 
what worn test records, proved to be 
not up to the job. The main problem 
was that the interruptions to the track 
signals as each frequency is an- 
nounced on the record played merry 
hell with the relay switching circuitry 
inside the Audio Precision test gear. 
To overcome this problem, we had to 
resort to older analog instrumenta- 
tion (to wit, our AC Millivoltmeter, 
described in the July & August 1988 
issues of SILICON CHIP). 

The upshot was that the CS505-4 
performed well. The Ortofon cartridge 
appears to be a particularly good 
tracker, handling the heavily recorded 
tracks with aplomb. And its wave- 
shape on sinewaves in the critical re- 
gion from 3kHz to 10kHz was also 
commendably free of the “sawtooth” 
effects you can see with many car- 
tridges. It is clearly up in the top ech- 
elon of magnetic cartridges. 

As you would expect, the Dual 
CS505-4 performs quietly and with 
no fuss at all times. It just plays 
records, pure and simple. 


The price 

And what about the price? For those 
who have become used to cheap and 
cheerful consumer goods, the price 
might be something of a shock, How- 
ever, while a CD player might pres- 
ently cost $300 to $500 and typically 
last five years after which it is not 
worth repairing if it fails, turntables 
generally last for decades. There is no 
reason why this won't apply to Dual 
turntables which have always had a 
good reputation. 

Recommended retail price of the 
Dual CS505-4 turntable, complete with 
the Ortofon OMB-10 cartridge, is 
$799.00. 


Availability 

For further information about the 
range of Dual turntables, contact the 
Australian distributor, Scan Audio Pty 
Ltd, 52 Crown Street, Richmond, Vic 
3121. Phone (03) 9429 2199; fax (03) 
9429 9309. sc 
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RADIO CONTROL 


BY BOB YOUNG 


ww 


The art of the F3B glider 


This month, we will look at some aspects in 
the design of F3B gliders. These are the most 
exotic of all radio-controlled sailplanes. They 
are fast, difficult to fly and they are big, with 


a 3-metre wing span. 


In the course of our discussions on 
gliders over the past few months, I 
have often referred to the most diffi- 
cult and exotic class of glider or more 
correctly, sailplane, the F3B model. 
So what is an F3B model and why is it 
so exotic? 

The F3B class of sailplane model is 
an internationally recognised compe- 
tition class, which is governed by the 
FAI (Federation Aeronautique Inter- 
nationale), the body which oversees 
all international aviation activities, 
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both model and full size. 

The rules for this class are too com- 
plex to present in an article of this 
nature but they may be found in the 
MAAA Offi Rules and Instructions 
Handbook, General Regulations and 
Special Rules (page 94). Australia has 
been well represented over the years 
in international F3B events and our 
ranking is quite high as a result, 

Briefly, the specifications of the 
model are laid down as maximum 
surface area (150dm?), maximum fly- 


ing mass (5kg), surface loading be- 
tween 12-75g/dm?, minimum radius 
of the fuselage nose (7.5mm). 

There is one major difference to the 
2-metre rules and that is a defined 
maximum surface area. This includes 
the tailplane area and it is this rule 
that dictates the trend to smaller tail- 
planes that I have often mentioned in 
recent articles, In the F3B design, the 
tailplane area subtracts from the wing 
area and so the F3B designer cannot 
afford the luxury of large tailplanes, 
unless he has very definite views in 
that direction, 

In the 2-metre design there is no 
limitation on wing area, only span, so 
we can afford to be conservative with 
tailplane size. 

The necessity for the defined nose 
radius becomes immediately obvious 
upon witnessing your first launch and 


This photo shows a 
typical F3B glider with V 
tail. Note the very 
smooth nose which 
contributes to the long 
landing distance of these 
gliders. By the way, one 
wing appears to be 
longer than the other 
because of the wide- 
angle lens used to take 
the photograph. 


especially, the first bad launch. At the 
speed these things operate at, they 
would bore a hole through a brick 
wall. 


Landing problems 


Although safety is one aspect of the 
nose radius specification, there is 
probably a more mundane reason be- 
hind this radius and it may be found 

- in the specification governing the un- 
derside of the model. No fixed or re- 
tractable arresting device may be fit- 
ted to the underside of the model (no 
bolt or sawtooth like protuberance). 
The only fittings allowed underneath 
are the tow-hook and control linkages 
and these are defined in size. 

The reasoning behind these rules is 
linked to the scoring method applied 
to spot landings. The distance from 
the spot is measured from the nose of 
the model, after it has come to rest. 
The problem is that these clean mod- 
els, when they enter “ground effect”, 
will float on and on forever. And when 
they do finally touch down they will 
slide for some distance, particularly 
on some types of grasses or wet grass. 

This makes judging the landing a 
very uncertain activity indeed and 
losing points on spot landings is a 
serious business in competitions, 
where placings revolve around one or 
two points. 

Now this gives rise to the one as- 
pect of glider competitions that I do 
not like and that is the landings, Be- 
cause of the foregoing rules there are a 
large number of landings which are 
nothing more than driving the model 
into the ground like a javelin. 

Thus, the rounded nose will not 
penetrate the ground as well as a sharp 
point. If the radius were not defined 
then you can absolutely guarantee 
some modellers would be flying jave- 
lin-style fuselage noses, in spite of the 
hazard they would present to people 
on the field. 

And so we come to the first of the 
reasons why F3B models are so com- 
plex and exotic: the need for some 
form of drag brake to slow the model 
down for landing. 

However, if we continue our read- 
ing of the rules, the main reason for 
the exotic nature of the F3B machine 
becomes immediately apparent when 
we examine the definitions. The F3B 
contest is defined as a multi-task event 
consisting of a duration task, a dis- 
tance task and a speed task. 


R RUDDERVATOR 


L RUDDERVATOR 


Fig.1: the plan-form of the Stingray-3M designed to F3B specifications. The 
main features are the 3-metre wingspan and the full span controllable 
trailing edges on the wing and tailplane. Each control segment is fitted with 
a separate servo to allow it to be operated independently. 


These three tasks call for three en- 
tirely different airframes with con- 
flicting aerodynamic parameters and 
yet the F3B competitor is required to 
combine all three into a single model; 
a formidable task. 

Thus, we have the foundations upon 
which the variable geometry airframe 
arose, controlled by an increasingly 
complex radio control system. 

It was largely the needs of the F3B 
flier that drove the development of 
the computer radio with dozens (re- 
cently nearly a hundred) of model 
memories. 

In order to achieve maximum per- 
formance, each task requires the model 
to be configured aerodynamically to a 


different specification. In many cases, 
these configurations are stored in sepa- 
rate memories and these memories 
are switched in and out during flight. 
We will look at some of these configu- 
rations shortly. 

Some models use up to six or more 
memories to store all the configura- 
tions required for the three tasks. Thus 
a 40-memory transmitter can really 
only store sufficient information for 
about six models and a serious com- 
petition modeller will have at least 
three or four models on the go at any 
one time. 

Toften hear modellers talking about 
computer radios and they are often 
seen scratching their heads during 
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Fig.2; the F3B glider has a number of wing section configurations required 
for the three tasks. As well as the speed, distance and duration configur- 
ations, there are settings for launch and CROW (flaps lowered, ailerons 


raised). 


these discussions about why anyone 
would want 99 model memories. This 
is one of the reasons. 

But it is also true that the average 
sport flier does not need a radio of 
anything like this complexity. Unfor- 
tunately, the marketing methods now 
used in all forms of merchandising 
constantly stress that it is impossible 
to live without the latest gadgets and 
the average sports flier now burdens 
himself with an over-complex and 
overly expensive R/C system just to 
keep up with the Joneses, or at least 
the international F3B flier. 

Fortunately the tide is starting to 
turn on this trend and I have noticed 
some interesting non-computer radios 
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starting to show up in overseas maga- 
zines, designed with the sports flier 
in mind. 

Fig.1 shows the plan-form of the 
Stingray-3M that is designed to F3B 
specifications. The main features are 
the 3-metre wingspan and the full span 
controllable trailing edges on the wing 
and tailplane. 

These full span controllable trail- 
ing edges are the heart of the F3B 
model. Each control segment is fitted 
with a separate servo that allows each 
segment to be operated independently 
from the transmitter. Thus, the man- 
ner in which these independent con- 
trol surfaces are coupled together via 
mixers in the transmitter will deter- 


mine the aerodynamic characteristics 
of the model. 

If we consider each of the tasks 
separately, we will find that they call 
for completely different aerodynamic 
parameters. Therefore we must begin 
our design so that the degree of con- 
trol we have over the geometry of the 
control surfaces allows us to compen- 
sate for the shortcomings introduced 
by the most difficult task. In this re- 
gard the speed task is the odd one out. 
Here we are looking at an airframe 
that has a thin wing section and a 
smaller wing. 

Opposing that is the duration task 
which calls for a very efficient air- 
frame, a thicker wing section and a 
high aspect ratio wing. In the middle 
is the distance task, calling for a well- 
balanced airframe combining elements 
of speed and duration. 

It would be possible to write books 
about the design of an F3B model, 
especially about the choice of wing 
sections, so I will keep the discussion 
as simple as possible. 

Basically, the lift of any one wing 
section can be increased by drooping 
the trailing edge of the wing and the 
drag can be reduced by raising (or 
reflexing) the trailing edge. 

Therefore to configure the model 
for a speed run, we need to raise the 
trailing edge of the entire wing, both 
flaps and ailerons. 

To configure for a duration task we 
need to droop the trailing edge. Here 
we must be careful because the wing 
tips will tend to stall first, so it is 
usual to lower the flaps more than the 
ailerons. 

The distance task calls for a very 
carefully selected balance between the 
two. 

It is immediately obvious that here 
is a flying competition that will very 
quickly separate the men from the 
boys (and the husbands from their 
wives), for there is enormous scope 
for subtlety and understanding of the 
F3B machine at a holistic level. It is 
absolutely no accident that the same 
handful of fliers dominate F3B com- 
petitions. 


Ready-to-fly airframes 


If you do not have a sound grasp of 
the interactions that take place be- 
tween enginecring and aerodynamics 
then you are doomed to failure in this 
competition, For this reason, many 
serious competition fliers use almost 


ready-to-fly airframes and these mod- 
els are very expensive, costing around 
$1500 apiece. The wings come com- 
plete, ready to mount servos and con- 
trol surfaces. 

These wings are masterpieces of 
materials engineering, being formed 
from various foams and covered with 
fibreglass, Kevlar or carbon fibre. Re- 
inforced with carbon-fibre spars, they 
are immensely strong and yet at one 
recent competition held on a very 
windy day, something like 16 models 
crashed, many suffering wing failure 
during launch. We have discussed the 
relationship between wing strength, 
spar depth, wing sections and aspect 
ratio in the Stingray articles during 
the past two months. 

So even starting with a correctly 
designed commercial model it is ob- 
vious that there is still plenty to oc- 
cupy the minds of serious F3B com- 
petitors and they will travel to the 
ends of the Earth to obtain that com- 
petitive advantage; thus the drive be- 
hind the computer radio. It is the com- 
puter radio or at least the smart trans- 
mitter that has made the modern F3B 
machine possible. 

Having said that, I still believe that 


much of what takes place in modern 
F3B models is overkill and a good 
natural flier who practises regularly 
and pays attention to detail will still 
outperform the gadget man with all 
his technology. 


Setting up the F3B model 

Fig.2 shows the various wing sec- 
tion configurations required for the 
three main tasks. These include the 
speed configuration, a possible dis- 
tance setting and a duration setting. 
Fig.2 also shows the normal, launch 
and CROW configurations. 

The description that follows is a 
guide to fundamental principles only 
and the methods used for program- 
ming each transmitter will vary with 
brand and model. 

The ailerons are set up with one 
aileron servo plugged into the aileron 
channel on the receiver. The second 
servo is slaved via a mixer, either in- 
verting or non-inverting, depending 
on which way the servos are mounted 
in the wing. 

The slave servo is usually plugged 
into channels 6, 7 or 8. A non-invert- 
ing mixer results in the two servos 
moving in the same direction of travel. 


An inverting mixer reverses the direc- 
tion of travel on the slaved servo. The 
correct result in this setup is for one 
aileron to go up when the other goes 
down and vice-versa. 

The throttle stick is often used as 
the flap master control. One servo is 
plugged into the receiver throttle chan- 
nel and the second flap servo is slaved 
via a mixer to give a result whereby 
both flaps move in the same direction 
with the throttle movement. 

This is the basic wing setup. Now 
comes the tricky part. It may be 
deemed desirable to couple some 
droop into the ailerons when the flaps 
are lowered, in order to increase the 
lift over the entire wing. This would 
normally be the case in the duration 
task, for example, and also to increase 
lift during launch to maintain the line 
tension at as high a level as possible, 

In this case, a small amount of flap 
setting is mixed into the aileron chan- 
nel, moving both servos in the same 
direction. Here an inverted and a non- 
inverted mixing component is re- 
quired. One must be careful during 
launch not to stall a wingtip. For this 
reason the ailerons are lowered to a 
smaller degree than the flaps. 
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Another typical F3B model, again showing the V tail and rounded nose. Many 


It is the requirement for mixing 
ailerons into flaps and flaps into ailer- 
ons that dictates the use of two servos, 
one on each control surface. Likewise 
it may be seen as desirable to couple 
some aileron into the flaps to obtain 
improved manoeuvrability. Such a 
scenario could arise in the speed run 
where the pylon turns at each end of 
the course require powerful ailerons. 
Once again, an inverting and a non- 
inverting mixing component is re- 
quired. 

A variation on this theme is the 
snap-flap configuration. In this appli- 
cation, some elevator input is mixed 
into the flaps in an opposing direc- 
tion. Thus, when the elevators are 
pulled UP the flaps both move DOWN. 
This increases the lift on the wings 
and tightens the pylon turns dramati- 
cally. 

Let me tell you an F3B pilot is as 
busy as a little beaver switching all of 
these configurations in and out dur- 
ing a 100km/h speed or distance run. 


Crow configuration 

An unusual configuration com- 
monly used for landing is what is 
termed CROW or Butterfly. In this case 
the flaps are lowered to their maxi- 
mum extension and the ailerons are 
both raised. The raising of the ailer- 
ons reduces the overall lift on the 
wing and prevents tip stall at slow 
speed, while the lowered flaps in- 
crease the lift over the centre section 
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serious competition fliers use almost ready-to-fly airframes and these models 
are very expensive, costing around $1500 apiece. 


and also increase drag. The net result 
is a slower flying, highly controllable 
model that is much easier to put on 
the spot. 

Some care is required when setting 
the aileron “UP” movement, as too 
much UP will reduce the effective- 
ness of the ailerons. The throttle stick 
is usually only used for landings to 
activate the full CROW configuration, 
The camber-changing configurations 
are usually introduced by switches 
located on the transmitter face and 
call for much smaller control incre- 
ments. 

From the foregoing it is easy to see 
why there has been a need for smart 
transmitters. Some of these mixing 
arrangements are very complex and 
the electronics required calls for some 
smart design. 

Coming back now to Fig.1, if we 
move on to the tailplane, once again 
we are presented with a mixing prob- 
lem on the “V” tail. In this case each 
control surface must share the rudder 
and elevator functions. 

We covered this in the 2-metre arti- 
cles but briefly, in this setup, rudder 
is mixed into elevator and elevator is 
mixed into rudder in an essentially 
cross-coupled mixing arrangement. 
Each surface has its own servo and 
when elevator is applied both control 
surfaces go up or down and when 
rudder is applied. one goes up and the 
other down. When both rudder and 
elevator are applied, the controls move 


in various degrees. 

Oddly enough, when full rudder 
and elevator are applied in one par- 
ticular direction, only one surface 
moves to full extension whilst the 
other remains at neutral. 


Which way does it turn? 


For those dumbos like myself who 
have difficulty figuring out which way 
the model will turn when setting up 
the controls in a “V” tail model, here 
is the rule. The model will turn in the 
apparent natural direction of the con- 
trols; ie, the model will turn right if 
the trailing edges move to the right of 
the model (viewed from the direction 
of travel). 

I have been flying since 1955 and 
had never owned a “V” tail model 
until the Stingray 2M and I was sur- 
prised to find that I was uncertain as 
to which way it would turn, When I 
presented the model at the field I was 
surprised to find that all of those 
including people who were 

tail models, were also un- 


certain. 

We finally settled the issue by turn- 
ing on one of the “V” tail models and 
looking at how it was set up. This may 
be a simple thing but it is quite con- 
fusing, even to so-called experts. 

One final mixing function is CAR or 
“coupled aileron/rudder”, This is 
sometimes necessary on sailplanes be- 
cause of an effect known as “aileron 
reversal”. In this case, the down-go- 
ing aileron will increase the drag at 
the wingtip on the outside of the turn, 
whilst the up-going aileron on the tip 
at the inside of the turn is reducing 
drag at that tip. 

The resulting unbalanced drag 
forces drag the outside tip back and 
induce a yaw opposite to the desired 
direction of turn. This is especially 
the case in flat-bottom wing sections 
(Clark-Y, for example) and high as- 
pect ratio wings with under-cambered 
sections. 

The answer is to mix some aileron 
input into the rudder channel, thereby 
increasing the yaw component in the 
desired direction. 

So there you have a very brief over- 
view of an extremely complex sub- 
ject. I hope it gives you some insight 
into the art of F3B flying. sc 


Bob Young is principal of Silvertone Elec- 
tronics. Phone (02) 9533 3517. Their web 
site is at: www.silvertone.com.au 


VINTAGE RADIO 


By RODNEY CHAMPNESS, VK3UG 


Behind the lines, Pt.2: the Type 3 
MkII (B2) & Type A MkIII spy radios 


The Type 3 MkII & Type A MkIII were among 
the best of the spy radios from World War II. In 
this article, we take a closer look at these two 


transceivers. 


Following World War 2, the Type 3 
MkII was an extremely popular high- 
frequency (HF) transceiver with ama- 
teur radio operators. It was consid- 
ered a good Morse code (CW) trans- 
mitter and many ingenious amateur 
operators modified it for amplitude 
modulation (AM) as well. It covered 
three of the most popular amateur 
radio bands (3.5-3.8MHz, 7-7.15MHz 
& 14-14.35MHz) with no modifications 
and the receiver was stable and sensi- 
tive. 

Amateur operators extensively 
modified it to suit their perceived 


needs when these sets came on the 
surplus market after the war ended. 
With such an enthusiastic endorse- 
ment of its value by amateur opera- 
tors, it must have been a good set for 
its time. And so it was. It wasn’t the 
smallest or the lightest set around but 
it was arguably the best for long-range 
communications over 800km. The 
smaller sets with more limited fre- 
quency ranges and lower power were 
inadequate for reliable communica- 
tions over these longer distances. 
The Type 3 MKII sets were supplied 
in either a suitcase or in two water- 


Es 


The receiver section of the Type 3 Mk.II consisted of two sub-assemblies, wi 
the RF/converter in one and the IF and audio stages in the other. 


proof steel boxes. Neither assembly 
was small or light and concealment of 
the equipment would not have been 
easy. The suitcase version, for exam- 
, measured 47 x 34 x 15cm and 
weighed around 15kg. The waterproof 
steel-box version measured 33 x 25 x 
15cm and 34 x 29 x 15cm and had a 
combined weight of over 25kg — ideal 
for someone doing weightlifting! 

Although packed into a case langer 
than those used for some other sets of 
the era, this was made up for by the 
amount of equipment that was in- 
cluded. That said, the space efficiency 
didn’t compare with the later Type A 
MkIII. 

Physically, the Type 3 consisted of 
three separate assemblies, the power 
supply being the heaviest. This com- 
prised an AC power supply suitable 
for 110V or 230V mains plus a 6V 
vibrator supply — all using the same 
transformer. In standard form it pro- 
duced 500V and 230V DC for the trans- 
mitter and receiver, as well as 6V for 
the heaters (not a power supply to be 
treated carelessly when switched on). 

Although the supply used a com- 
pletely isolated primary winding (so 
it isn’t a “hot chassis” set), a nasty bite 
could be experienced when the mains 
socket was attached to the set one 
way. There was no 3-core mains lead 
on this set. The bite was due to ca- 
pacitor C28 (in the power supply) be- 
ing wired from one side of the mains 
to chassis. This capacitor was part of 
the vibrator “hash” filtering network. 
Acommon technique was to mark the 
socket and plug so that it was only 
plugged in one way, so that the chas- 
sis remained cold. Even so, an un- 
earthed chassis like this must still be 
regarded as potentially dangerous. 
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Another little nasty with the trans- 
mitter involved the Morse key. Due to 
the fact that the key plug could be 
inserted either way around in the 
socket, the frame of the key could be 
live at 200V (depending on the polar- 
ity of the plug). As with the AC power 
lead, the key plug and the socket were 
sometimes marked with matching 
dobs of paint to indicate the polarity. 
This made it much easier to ensure 


that the key frame was at earth poten- 
tial 

The receiver consisted of two sub- 
assemblies, with the RF/converter in 
one and the IF and audio stages in the 
other. It had three wavebands from 
3,1-15.5MHz, two IF stages and one 
audio stage. The transmitter covered 
from 3-16MHz, using two valves to 
give an output of 20 watts CW. 

The design of the Type 3 MKII com- 


Specifications For Type 3 Mkil Spy Radio 


Transmitter 


Frequency Coverage: 3-16MHz in eight bands 
Power Supply: 500V @ 60mA, 230V @ 18mA & 6.3V @ 1.14 
Circuit: crystal oscillator working on fundamentals or harmonics (EL32), feeding 


a class C power output stage (6L6). 


Power Output: 15-20W, depending on whether mains or battery supply was 
used and whether operating on a harmonic of the crystal frequency. 


Receiver 


Frequency Coverage: 3.1-15.5MHz in three bands. 
Power Supply: 230V @ 28mA, 6.3V @ 1.2A & -12.5V to -14V bias 


Circuit: 


-valve superheterodyne, essentially designed for CW reception. 


Intermediate Frequency: 470kHz, BFO 470kHz +3kHz 
Sensitivity: 1-3uV for 10mW output at 1kHz (CW input and BFO on) 
Selectivity: 1kHz bandwidth for 3dB down from peak; 9kHz bandwidth for 20dB. 


down from peak 


Maximum Output: 50mW into 1202 headphones 


Power Supply 


Mains Supply: 97-140V AC and 190-250V AC, 40-60 Hz, using a combined AC/ 


vibrator multiple wound transformer. 


Power Consumption: 57W transmit; 25W receive 
Battery Supply: large 6V automotive battery. A single vibrator was used, with a 


spare carried in the power supply case. 
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Correction 


TICKLER 


Our circuit for the Paraset on 
page 77 in last month’s issue 
omitted the keying circuit for the 
transmitter. The corrected circuit 
section is shown above. 


menced in 1942 but from the informa- 
tion I have it would appear that the 
design was not finalised until 1943, 
How many of these sets were pro- 
duced is unknown, although it must 
have been several thousand. As well 
as being used in Europe, a tropicalised 
version was also used in South-East 
Asia during the latter part of the war. 
They were particularly valuable in 
Asia because of their good perform- 
ance over long distances of the order 
of 2600km. 

A comprehensive list of transmit- 
ter, receiver and power supply speci- 
fications were given with the set, plus 
the circuit, some servicing and instal- 
lation information. Whilst the circuit 
and servicing information was prob- 
ably good to have, one wonders where 
friendly servicing facilities existed in 
occupied countries. Certainly wander- 
ing down to the local Gestapo radio 
man for parts and facilities to service 
the set was not an option. 

The accompanying panel lists the 
abbreviated specifications of the unit. 
In view of its intended role, it was 
quite a good performer for that era. 

Aexplained last month, the Gestapo 
would remove power from a block of 
buildings when close to a clandestine 
radio station and observe whether the 
agent's radio transmissions ceased 
immediately. If they did, they had 
him or her bottled up in a small area 
and would soon find whoever it was. 

For this reason, the ability to change 
over from mains to battery operation 
within a second or two whilst operat- 


ing was important if the operator 
wasn’t going to be caught. The Type 3 
could be changed over quite quickly, 
by switching the power off, extracting 
a plug from a socket on the power 
supply front panel, turning it through 
180 degrees and re-inserting it into 
the socket and turning the power on. 

In all, that took around 2-3 seconds 
and was supposedly fast enough to 
prevent a Gestapo radio detection 
group from detecting the momentary 
gap in transmission. Personally, I be- 
lieve that the time to make the change- 
over was too great and the detection 
group would have been suspicious. 

In fact, an automatic change-over 
when mains power was lost could 
have been achieved with only a 
slightly more complicated power sup- 
ply. In fact, changeover was effected 
much more quickly in the Type A 
MkIII which became available the fol- 
lowing year. So let’s now take a look 
at the Type A MKII. 


The Type A MkIII 


I first came to know the Type A 
MkIII as a young lad involved with 
communications for the Emergency 
Fire Services of South Australia. This 
particular set had been considerably 
modified, in that the power supply 
had been removed and a plate and 
screen modulator had been installed 
in its place, converting the transmit- 
ter from continuous wave (Morse 
code) transmission to voice (AM) 
transmission. It worked quite satis- 
factorily putting out a magnificent 3 
watts into a 2.4-metre loaded whip 
antenna on a frequency of 5790kHz. 

It was great fun being able to talk 
“over the air” and it started me on my 
way to obtaining an amateur radio 
licence. 

The Type A MKIII is an interesting 
little transceiver and I do mean little. 
If you take a look at the average do- 
mestic receiver of the early 1940s you 
will appreciate the compactness of 
the Type A MKIII. 

The unit consisted a 2-band 4-valve 
superheterodyne receiver capable of 
CW and AM reception, a 2-valve CW 
transmitter capable of 5W output, and 
a power supply that could operate on 
either 110V or 240V AC power. This 
was all packed into a case that meas- 
ured just 21.6 x 19 x 8.3cm and 
weighed 3.75kg (or 7.7kg in its suit- 
case packaging). A separate adaptor 
box containing a vibrator supply al- 


‘Type A MkIII transceiver used a 2-band 4-valve superheterodyne receiver 


lowed the set to operate off 6V DC. 

It was quite a remarkable achieve- 
ment considering that there were few 
miniature parts in those days and the 
valves are full size loctals. Being so 
compact, the set generated a lot of 
heat and so there were lots of perfora- 
tions in the case to provide ventila- 
tion and aid cooling. 

The set had a normal range of 
around 800km. If greater ranges were 
required, the Type 3 MkII was used 

As with the Type 3, the Type A 


The two transceivers featured 
in this article do not meet mod- 
ern electrical mains safety stand- 
ards and could be quite danger- 
ous to operate. 

If you come across these 
transceivers or any similar equip- 
ment (eg, any of the equipment 
mentioned last month in Pt.1), 
we recommend that you leave 
them strictly alone. Do not be 
tempted to restore, modify or 
operate them in any way unless 
you are a qualified person who 
has the necessary expertise to 
ensure safe operation (and you 
have an amateur radio opera- 
tor’s licence). 


capable of CW and AM reception, plus a 2-valve CW transmitter capable of SW 
output. It is shown here without its power supply. 


transceivers were supplied in suit- 
case packaging or in two fully water- 
proof steel boxes. Just how many of 
these units were actually made is dif- 
ficult to say. The set in the photo- 
graph carries a serial number of 
“32441” which is just visible at the 
top right. Only a few hundred agents 
were equipped with radios, so these 
high serial numbers appear to be a 
ploy to make the enemy think that 
there were many more agents in the 
field than was actually the case. 

A comprehensive list of transmit- 
ter, receiver and power supply speci- 
fications were given with the set, plus 
the circuit and information on how to 
set the equipment up and use it. An 
extract of these specifications is shown 
in the accompanying panel. 


Performance comparisons 


So how does this set compare with 
the 4/5 valve domestic radios of the 
same era? 

‘Actually, the receiver compares very 
favourably. A typical domestic set had 
a sensitivity of 54V on the broadcast 
band and 154V on shortwave. The 
selectivity was about the same but the 
image rejection of the Type A would 
have been quite a bit better because it 
used a 1215kHz IF compared to the 
455kHz IF used in most domestic sets. 

On the other hand, the audio out- 
put is well down, the Type A MKIII 
being designed to work into head- 
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were packed together. 


phones only. Afterall, they didn’t want 
to entertain the local Gestapo officers! 

There was also one very nasty de- 
sign inadequacy in the receiver. It 
wasn’t nice to be listening on the head- 
phones if a burst of static occurred, 
The intensity of the noise was so high 
that it nearly lifted the operator's head 
off, 

This problem could have been eas- 
ily solved by wiring back-to-back 


This view inside the Type A Mk.III transceiver shows just how tightly the parts 


diode strings across the headphone 
socket. With this scheme, the audio 
quality is unaffected but when a static 
crash (or some other form of electrical 
interference occurs), the diodes con- 
duct and quench the interference 
spikes. In fact, some military sets from 
World War II did include “crash limit- 
ers” and these used copper oxide di- 
odes. 

One clever aspect of the design was 


Specifications For Type A Mk Ill Spy Radi 


Transmitter 


Frequency Coverage: 3.2-9MHz in two bands. 
Power Supply: Built in supply or 6V battery pack. 270V @ 50mA and 6.3V @ 


0.75A (1.65A with receiver heaters). 


Transmitting Circuit: Pierce oscillator (7H7) impedance coupled to class-C 


beam tetrode (7C5). 


Power Output: 5W on fundamental; 4W on second harmonic. 


Receiver 


Frequency Coverage: 3.2-8.55MHz in two bands. 
Power Supply: Built in supply or 6V battery pack. 250V @ 35mA and 6.3V @ 


0.9A (1.65A with transmitter heaters). 


Receiver Circuit: 3-valve superheterodyne with 1215kHz IF (the 7H7 audio 
output stage also served as the oscillator valve for the transmitter). 
Sensitivity: 2-4uV CW for imW output into 8002. 

Selectivity: 10kHz bandwidth for 20dB down at critical reaction and 30% 


modulation. 
Maximum Output: 100mW. 


AC Power Supply 


Mains Supply: 100-130V AC and 200-250V AC 40-60Hz 

Power Consumption: Transmit - 30W key down and 20W key up; Receive - 25W 
Battery Supply: 6V accumulator (large capacity) 

Current Consumption: Transmit - 5.5A key down, 3.8A key up; Receive - 4.3A 


90 SILICON CHIP 


that the audio output valve for the 
receiver was switched to become the 
crystal oscillator for the transmitter. 
This saved a valve and required just 
one switch section to effect the 
changeover. 

In operation, the Type A was mostly 
used on the mains but with the DC 
vibrator power supply all connected 
up and ready to use in case of a mains 
interruption. If the AC power was cut 
off, the agent immediately pulled a 
ring (shown on the centre left of the 
photograph) which changed the set 
over to DC operation. 

In all, this took no more than about 
1-2 seconds. This meant that the 
Gestapo couldn’t be sure if the radio 
transmitter was actually in that block 
of buildings, as the transmissions con- 
tinued on. At least that was the theory, 
In practice, it was probably only ef- 
fective until the Gestapo captured one 
of the sets and discovered that they 
had dual power supplies. 


Warnings 

Electrically, the Type A MKIII (and 
many of the other spy radios of the 
World War 2 era) could be quite dan- 
gerous. This is best summarised by a 
warning in the handbook: “WARN- 
ING - The HT, -ve line & parts of the 
chassis & metal components are con- 
nected directly to the AC mains and if 
touched, may give a dangerous 
shock”. And that really was quite an 
understatement. 

The Morse key could also be at 
mains potential. For this reason, the 
key supplied with the set was fully 
insulated to prevent the operator from 
coming into contact with any live 
parts, 

In fact, the only way to safely serv- 
ice such sets was to use an isolation 
transformer and even then, you had to 
be careful. 

Finally, if anyone would like to find 
out more about the activities of the 
Resistance and the radios they used, I 
recommend that you try to obtain a 
copy of “Secret Warfare” by Pierre 
Lorain, translated/adapted by David 
Kahn and published by Orbis Pub- 
lishing Limited, London. Another 
book well worth reading is “S.O.E. - 
The Special Operations Executive” by 
M.R.D. Foot. published by Mandarin. 
Tm not sure whether or not these books 
are still in print and I understand that 
very few copies of “Secret Warfare” 
came into Australia. sc 


ASK SILICON CHIP 


Got a technical problem? Can't understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Write to: Ask Silicon Chip, PO Box 139, Collaroy Beach, NSW 2097. 


High voltages in 
insulation tester 


On completing the Insulation Tester 
Kit from your May 1996 issue, I found 
the voltages at the cathode of D3 are 
slightly higher than indicated in the 
article. I measured 121V, 273V, 549V, 
633V and 1048V, The voltage at TP2 
and ground is 1.98V. I have rewound 
T1 and checked the resistors around 
the error amplifier but have come up 
with the same results. Are the voltages 
within tolerance and I need not worry 
about them or do I have a problem? 
The circuit otherwise is working fine. 
(G. M., Seven Hills, NSW). 
© While the 100V test voltage is 21% 
high and the others are also high, this 
will not cause any problems with the 
functioning of the Tester. Use it with- 
out worrying. 


More on decent sound 
from phono preamps 


I can sympathise with P. D. of Mt 
Colah (Ask SILICON CHIP, July 1998) in 


Modification for 
Sun tracker 


I am building a sun tracker unit 
for solar panels, as featured in the 
January 1995 issue of SILICON CHIP. 
At the end of the article, the editor 
noted that a toggle switch could be 
inserted in series with diode D1, 
which would stop any erratic move- 
ment of the panel on cloudy days. 
My solar panel array will be ap- 
proximately 7 metres above the 
ground; ie, 4 metres to the roof and 
3 metres above the roof to raise the 
panels somewhat above reflected 
heat. 

My question is, is there a small 
electrically-operated on/off switch 
available that could be mounted on 
either the PC board or close to it, 
that could be turned on or off by an 
electrical impulse through light 


his attempt to wring decent sound out 
of an IC-based phono preamp. I too 
built the Series 5000 system but did 
not bother to check the phono input 
until some years later. I used a Shure 
N97HE stylus in a Rega turntable and 
initially thought that it lacked bass. 

I checked the phono input with a 
signal generator, audio SSVM and CRO 
and can confirm that RIAA equalisa- 
tion was spot-on and that the output 
was an accurate copy of the input. 
However, as I listened it became obvi- 
ous that the sound was overly bright, 
harsh and metallic in the mid to high 
frequencies. However, the problem 
was more than just a boosted mid- 
range; it was also distorted. 

In just the same way that some 
power amps of this era could easily 
pump out several hundred watts of 
sinewave energy into a resistive load 
but still produced a distorted sound 
on a musical input (finally identified 
as transient intermodulation distor- 
tion), I assume a similar problem af- 
flicts these IC-based preamps. Cer- 
tainly no commercial hifi preamp used 


REMOTE 
SWITCH 


wiring to possibly amomentary tog- 
gle switch, which would be on the 
main control board in the building. 

I don’t want a radio-controlled 
switch (if such is available) but of 
course would go this way if it was 
the only option. (I. M., Miles, Qld). 
© One possible solution to a re- 
mote switch for the output of com- 
parator IC1b is to use a transistor to 
short out resistor R6 instead. The 
accompanying circuit should do the 
trick. 


ICs at this time at any point in their 
circuitry and it is probably still the 
same today. 

I did not persevere with tracking 
down the problem since I only had to 
reconnect the turntable into a cheap 
NAD amplifier to have superb sound 
again. I also cannot comment on the 
SILICON CHIP design since I have not 
built it but I am not surprised at P. D.’s 
findings. I wonder whether some de- 
signs are actually tested in the real 
world? 

While Shure state in their literature 
that their cartridges “like to look into” 
a 47kQ resistive load in parallel with 
200-300pF of capacitance, I do not 
think this should be the problem, since 
their cartridges work just fine in com- 
mercial amplifiers, even cheap com- 
bination units, without any modifica- 


SPEAKER 
DRIVERS & 
PARTS 


DYNAUDIO, PEERLESS, 
Scan-SPEAK & VIFA DRIVERS 
FROM DENMARK 
eSoLeN AND BENNIC CAPACITORS 
FLARED BASS REFLEX PORTS 
TERMINALS ® INDUCTORS 
DEFLEX DAMPING PRODUCTS 


Australia’s largest seller of quality 
Danish hi-fi speakers drivers. For free 
information on all our speaker drivers 
and parts, call Scan Audio or send $15 
for new catalogue with complete data 
sheets on 93 different speaker drivers. 
Price includes air mail 

postage anywhere in 

Australia or NZ. 


PO Box 242 Hawthorn Victoria 3122 
Tel (03)9429 2199 Fax (03)9429 9309) 
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tion. I cannot recall whether I did 
actually check the Series 5000 preamp 
in this regard — maybe these ICs do 
have an internal capacitance which 
upsets the Shure cartridge?. (Note that 
the cartridge loading also includes 
tonearm wiring). 

Talso built the metal detector kit in 
the May 1998 issue but the unit will 
only oscillate after switching off and 
on again by “kick starting” it, either 
through touching the resistors near 
the trimpot or by adjusting or touch- 
ing the trimpot itself. I was going to 
mount an external trimpot on the case 
but thought that you might have a 
better suggestion. (T. G., Henty, NSW). 
© As far as the ETI 5000 preamplifier 
is concerned, if it is distorting then 
that indicates an overload somewhere 
in the system. Our LM833 design pub- 
lished in the April 1994 issue has 
very good bass as it is very close to the 
RIAA equalization characteristic. In 
fact, one of our staff recently spent 
several hours listening to our remote 


controlled preamplifier (it uses 5534 
op amps with the same feedback com- 
ponents) and the sound was superb. 
Many IC preamplifiers are not de- 
signed with sufficient input overload 


margin. Our RIAA preamp design has 
an input signal capacity of 300mV (at 
1kHz) which is more than adequate 
for any magnetic cartridge. 

As far as the Metal Locator is con- 
cerned, hand capacitance has quite a 
large effect as you are adjusting the 
trimpot, so to get it working correctly, 
VR1 has to be adjusted a number of 
times. 


Plaudits for class-A 
amplifier module 


My hearty thanks for the new class- 
A module, coming as it does in the 
depths of winter when such thermal 
generators are most appreciated. Jok- 
ing aside, this article has done much 
to rekindle my interest in audio am- 
plifiers, particularly as you have gone 
to some lengths to overcome the de- 
velopment hurdles to present it. 

With the considerations you have 
drawn attention to in your article, I 
plan to adapt the module as an AB 
amplifier with appropriately higher 
rail voltages (and of course, uprated 
drivers, etc) to produce about 40 watts. 
If nothing else, this should give a bit 
of useful headroom over the 15W de- 


sign. However, I am reluctant to use 
such expensive (however excellent) 
devices as the MJL21193/4. Noting 
that the linearity of these devices con- 
tributes to the lower distortion of this 
design, I would not like to substitute 
inappropriately. 

Consequently, assuming that by 
transistor linearity you mean Hfe ver- 
sus collector current (or is it base im- 
pedance?), would you consider pub- 
lishing the relevant linearity and SOA 
graphs, possibly serialised, for a few 
commonly available power transis- 
tors? May I suggest, for example, the 
venerable Motorola types 2N3055/ 
MJ2955, MJ802/4502, MJ15003/4, 
MJE3055/2955 and the C versions of 
Texas Instruments’ TIP31/2, TIP41/ 
42, TIP33/4 and TIP35/36. The TOP3/ 
T0218/SOT93 packages which are 
compatible with T0264 pin spacings 
are preferred, where optional. 

If this is not possible, perhaps you 
could make relative assessments and 
suggestions on the above types. 

Also, in your comments on the de- 
sign of the output stage, you stated 
that the current feedback pair was 
more linear that the usual Darlington. 
Can you enlarge on this? Whilst you 


Which power module to use? 


En The largest global manufacturer 
of inverters and chargers have released the 
1998 models. 


NEW! Really, NEW technology, 
) features and benefits! 


BAINBRIDGE TECHNOLOGIES pry LTD 
77 Shore Street, Cleveland Brisbane Qld 4163 
PH: (07) 3821 3333 Fax: (07) 3821 3977 
Email: baintech@ powerup.com.au Internet: www.statpower.com 


92 ‘SILICON CHIP 


1 am somewhat confused as to which power am- 
plifier to use in my stereo system. Currently I have 
an electronic crossover (3-way) which has electronic 
delay compensation for the tweeter and gradual 
boost above 7Hz to 35kHz. The bass is likewise 
boosted below 50Hz to compensate for hearing loss 
at those frequencies and this in turn drives six power 
amplifiers which currently are the old Sanken hy- 
brid 50W jobs (2 x 20W for the tweeters actually). 

After reading your magazine for several months 
there appears to be several choices to upgrade my 
power amplifiers. First, there is a Mosfet 50W mod- 
ule, then there is the National 50W IC modules and 
now, as published in the July & August issues, there 
is a third option of a 15W class-A module. 

Could you advise me as to which of the above 
modules (or any others I’m not aware of) would give 
the best sound for a home system. By the way, the 
speakers are KEF units but I’m upgrading the 
midrange and tweeters to Dynaudio units in the near 
future. (S. P., Auckland, NZ). 
© Interms of all-round value for money it is hard to 
go past the National 50W IC modules, especially if 
you need quite a few of them for a multi-channel 
system. The 15W class-A system is superb but would 
be a very expensive proposition for your system and 
its power level may not be adequate. 


Accelerometers for 
experimentation 


I am a retired physicist who 
would like to experiment with ac- 
celerometer ICs. I know they are 
expensive but I don’t know where 
to get them, Analog Devices have 
them but only with a 50G range, far 
too insensitive for my application. 
Exar manufacture them with vari- 
ous ranges down to 2G but I don’t 
know their address and they would 
not sell one or two to individuals 
anyway. I would be grateful for any 
information you may be able to pro- 
vide. (G. F., Vermont, Vic). 

@ We know of no source of acceler- 
ometers which have a range of op- 
eration below several G. This is 


described how it is understood to op- 
erate as an amplifier, I could not tell 
from the discourse where relative per- 
formances were implied. (I. F., Urunga, 
NSW). 

© If you want to substitute transis- 
tors, the MJ15003/4 are the closest 
equivalents, with the MJ802/4502 be- 
ing less preferable. We would not rec- 
ommend any of the others for a low 
distortion design. Linearity in a tran- 
sistor context is beta versus collector 
current. 

The current feedback pair is more 
linear than a Darlington emitter-fol- 
lower because of its 100% current 
feedback. This means that the distor- 
tion before overall negative feedback 
is applied is much lower. 

Weare notatall confident that simi- 
lar results to the class A design would 
be obtainable by upgrading the design 
and operating in class AB mode. If it 
was that easy, our previous class AB 
amplifiers should have produced bet- 


because most accelerometers have 
become available due to their use 
in automotive airbag electronics 
and they need to operate at fairly 
high G. 

The Analog Devices ADXL76 can 
be used for applications well be- 
low 1G but only by adding an exter- 
nal op amp to increase the output 
level. The data sheet on this device 
shows how to do this and sensitivi- 
ties of 400mV/G can be obtained. 
Higher gains than that shown on 
the data sheet can be obtained pro- 
viding you choose a low drift op 
amp. 

Analog Devices components can 
be obtained from Insight Electron- 
ics Pty Ltd in Melbourne. Phone 
(03) 9760 4277. 


ter results. They were good but the 
class A module is far better. 


Wanted: plastic tank 
tracks for large models 


Help! Do any SILICON CHIP readers 
know where to get plastic or rubber 
caterpillar-type "tank tracks" as used 
on robots, etc? I'm after some fairly 
large ones for a project. (Ross Tester - 
ross@silchip.com.au) 


Notes & Errata 

Motor Speed Controller, June 1997: 
the text on page 30 states that “you 
should be able to measure about +12V 
at pin 16 .. of C1”. Pin 16 is grounded. 
It should refer to pin 12. 

Positive Earth HEI, November 1997: 
the circuit on page 90 shows a BC337 
for Q3. It should be a BC327. The 
.01uF capacitor associated with D1 
should be marked C2, not C1. 


WARNING! 


Huge range of VIDEO 


Processors, Stabilisers, Mixers, Editors, TBC's, 
Standards Converters, Switchers, Amplifiers, 
connectors, cables, adaptors, kits. PC editing 
cards & software: FAST DY, AV Master plus, 
Miro DV300, DC30+, DPS Spark, Edit Bay, etc. 
SCSI cards & drives. PC Converters & Genlocks. 
Callfor prices and information or... 


Check our website for latest prices and 


MONTHLY SPECIALS 


http://wew.questronix.com.au/~questav 


You can fax, post, phone or email your order, 
We accept AMEX, VISA, Master & Bank cards, 
cash and direct deposit, but not cheques. 
Ex-tax sales available to exempt buyers. 
Prompt delivery within Australia & overseas. 


QUESTRONIX 


2/1 Leonard Street, HORNSBY, NSW, 2077 
PO Box 548, WAHROONGA, NSW, 2076 
Fax (02) 94773681 Ph. (02) 9477 3596 
Email questav@ questronix.com.au 
Visitors and demo's by appointment only. 


Adjust RGB, Contras Brightness Saturation/ Detail 
etc. 4 i/p Audio & Video selectors. Fade to black. Use 
Y/C & Comp. ip's & o/p's in any combination. 


We 
fac, eee 


level, rena Gr shift, 

etc.. Freeze, enhance, 

MNANCEY bypass, tour memories for 
a settings, built-in Bars, Black 
piov- bsekisignaist Burst, YUV& RGB op's, etc. 


High Energy Ignition, June 1998: the 
0.1uF capacitor shown on the overlay 
diagram for the points version (near 
diode D1) should be .01uF, as shown. 
on the circuit. 

On-Board Mixer for R/C Receivers, 
July 1997: the circuit on page 79 shows 
diode D3 reverse-connected. Its cath- 
ode should connect to pin 3 of IC2a. 
Opus One Loudspeaker System, Au- 
gust 1998: we have been advised by 
Altronics that the crossover network 
circuit on page 5 should show the 
tweeter reversed in phase, to agree 
with the pre-assembled crossover net- 
works. sc 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such projects 
should be considered dangerous or even lethal if not used safely. Readers are warned that high voltage wiring should be carried out according 
to the instructions in the articles. When working on these projects use extreme care to ensure that you do not accidentally come into contact 
with mains AC voltages or high voltage DC. If you are not confident about working with projects employing mains voltages or other high 
voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should anyone 
be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. Devices or circuits described in 
SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the infringement of such patents by the manufacturing 
or selling of any such equipment. SILICON CHIP also disclaims any liability for projects which are used in such a way as to infringe relevant 


government regulations and by-laws. 


Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the Trade Practices 
Act 1974 or as subsequently amended and to any governmental regulations which are applicable. 
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Cash in your surplus gear. Advertise it here in Silicon Chip. 


——$—$<< i 


FOR SALE 
——_—_ 


SPEAKERWORKS: specialist in 
speaker repairs and parts. DIY refoam 
kits: 3%", 4", 5", 6", 7", 8", 9", 10", 
11", 12" and 15" $39.95. Includes 
shims, dustcaps and adhesive. Larg- 
est inventory of cones, surrounds, 
gaskets, spiders, dustcaps, grilles, 
foam and cloth and 4,700 custom voice 
coils. Phone 02 9420 8121, Fax 9420 
8131. 


ELECTRONIC ENGINEERING SERV- 
ICES: digital & analog, embedded & 
Windows/PC based designs, complete 
solutions or design advice/assistance. 
Phone 03 9807 9886. 

Email caddy @netspace.net.au 


PIC84/12 PROGRAMMERS: Many 
models available. Also other PIC- 
driven devices. EST (02) 9789 3616 
or www.internetezy.com/au/~sesame 
PCBS MADE, ONE OR MANY. Low 
prices, hobbyists welcome. Sesame 
Electronics (02) 9554 9760 
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l CLASSIFIED ADVERTISING RATES 


Advertising rates for this page: Classified ads: $10.00 for up to 12 words plus 50 
cents for each additional word. Display ads (casual rate): $25 per column 
centimetre (Max. 10cm). Closing date: five weeks prior to month of sale. 

To run your classified ad, print it clearly on a separate sheet of paper or in the 
space below, fill out the form & send it with your cheque or credit card details to: | 
Silicon Chip Classifieds, PO Box 139, Collaroy, NSW 2097. Or fax the details to 


| (02) 9979 6503. 


Enclosed is my cheque/money order for $. 


or please debit my 


O Bankcard OF VisaCard [C MasterCard | 
| Card No. F SEA L E| 
| 
| Signature. Card expiry date. / 
Name | 
Street 
Suburb/town Postcode. 
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== =. 4 


94 SILICON CHIP 


sesame @internetezy.com.au http:// 
members.tripod.com/~sesame_elec 


C COMPILERS: everything you need 
to develop C and ASM software for 
68HC08, 6809, 68HC11, 68HC12, 
68HC16, 8051/52, 8080/85, 8086 or 
8096: $145.00 each. Macro Cross As- 
semblers and Disassemblers for above 
CPUs + 6800/01/03/05, 6502 and 
68HC12 now combined at the new low 
price of $75. Debug monitors: $75 for 
6 CPUs. All compilers, XASMs and 
monitors: $480. 8051/52 Simulator 
(fast, now incl. 80C320): $75. Try the 
C-FLEA Virtual Machine for small 
CPUs, build a “C-Stamp". Demo desk: 
FREE. All prices + $5 p&p. Atmel 
Flash CPU Programmer: Handles the 
89Cx051, the 89C5x and 89Sxx se- 
ries, and the new AVRs in both DIP 
and PLCC44, Also does most 8-pin 
EEPROMs. Includes socket for serial 
ISP cable. $189, $35 tax, $10 p&p. 
20-pin SOIC adaptor only $70. Credit 
cards accepted. GRANTRONICS PTY 
LTD, PO Box 275, Wentworthville 
2145. Ph (02) 9896 7150 or Internet: 

http://www.grantronics.com.au 


RAIN BRAIN AND DIGI-TEMP KITS. 
Also 60 channel Moni-temp with 
alarms and PC Data logging. Mantis 
Micro Products, 38 Garnet Street, 
Niddrie, 3042. (03) 9331 4786. Fax 
(03) 9331 4782 

http://www.home.aone.net.au/mantismp, 


WEATHER STATIONS: Windspeed & 
direction, inside temperature, outside 
temperature & windchill. Records highs 
& lows with time and date as they 
occur. $399.00 complete plus sales 
tax if applicable. Optional rainfall and 
PC interface. Used by Government 
Departments, farmers, pilots, and 
weather enthusiasts. Other models 
with barometric pressure, humidity, 
dew point, solar radiation, UV, leaf 
wetness, etc., etc. Just phone, fax or 
write for our FREE catalogue and price 
list. Solar Flair/Ecowatch ph: (03) 5968 
4863 fax: (03) 5968 5810, PO Box 18, 
Emerald, Vic., 3782. 


INIICAR ALARMS $99!!! VIDEO SUR- 
VEILLANCE & CCTV CAMERAS & 
EQUIPMENT. SPECIALS: 380 + LINE 
x 0.2 Lux SILICON MODULE only 
$69! DOME HOUSINGS only $10! 50 
LED DIY Infra-Red Illuminators only 
$19! MODULES: AWFUL-CMOS only 
$49! PREMIUM 400 + Line x 0.05 Lux 
SONY H.A.D. CCD & CHIPSET from 
$91. CAMERAS: Mini 36 x 36 from 
$88. Dome from $91. DIGITAL COL- 
OUR CAMERAS & MODULES: 400 + 
Line from $180! DOME from $189! 
600 + Line from $346! ACCESSO- 
RIES: 30 + Lenses, Infra-Red Illumi- 
nator Kits, IR LEDs, Polarising, Co- 
lour, Infra-Red, Temperature Conver- 
sion, Cut & Pass Filters for Image 
Enhancement, Exposure, Colour Cor- 
rection, Focus & Glare Control. AN- 
CILLARY EQUIPMENT: Quads 4 pix 
1 screen from $280. SWITCHERS 4 & 
8 Ch from $126. MULTIPLEXERS 
FULL-SCREEN FULL-RESOLUTION 
VCR Recording/Playback from $826. 
ALSO: Monitors, Outdoor Housings, 
Brackets, Dummy Cams, CCTV-TV/ 
VCR I/F Modules, Motorised Pan Units 
etc. CCTV-TV/VCR Modulator/Mixer/ 
Amplifier Modules from $14. PACK- 
AGED SETS! QUAD + 4 CAMERAS 
+ Power Supplies from $689. 400 + 
Page CCTV Technical Reference 
Manual $95 or FREE! 2 Year WAR- 
RANTY available for most items! DIS- 
COUNTS: based on ORDER VALUE, 
BUYING HISTORY, for CASH/ 
CHEQUE & NEW ZEALAND BUY- 
ERS! BEFORE you BUY Ask for our 
Illustrated Catalogue/Price List with 
Application Notes. Allthings Sales & 
Services 08 9349 9413 Fax 08 9344 
5905. 


HOMEBUILT DYNAMO, engineering 
dreams into reality. “An absolutely 
marvellous book for the true ex- 
perimentalist!” Elektor Electronics. 
(www.onekw.co.nz) 


TELEPHONE EXCHANGE SIMULA- 
TOR, SC February 1998. Test all sorts 
of equipment without the cost of extra 
telephone lines. Melbourne 9806 0110. 


RTN Australia Parallax distributor: 
Basic Stamps, SXKey development 
tools and SX chips. Wireless RF mod- 
ules, serial LCD modules, Basic 
Stamp Bug, etc, etc. FerretTronics 
>R/C servo control chips. NEW: 
HandyScope 2 from Europe, 2 chan- 
nel/12 bit portable measuring instru- 


WATER RESISTANT DMM 


pecan 


Rugged construction 
Drop proof to 10 

Water resistant 
Push-button range selection 
Minimax memory 

Ideal for field service 


Computronics 


CorporationLid 


6 Sarich Way, Technology Park. Ni 
Ph. 08.9470 1177 Fax08 
Specifications at www.computronics.com.au 


Printed Circuit Board Manufacture 
48 Hou service» High quality » Low prices 
1 offs to any quantity ? 
A Artwork design if required K/A 
© Call for obligation free quate... d d'E S 
T PCBs, 


Positions At Jaycar 
We are often looking for enthusi- 
astic staff for positions in our 
retail stores and head office at 
Rhodes in Sydney. A genuine 
interest in electronics is a ne- 
cessity. Phone 02 9743 5222 for 
current vacancies. 


ment, it's a voltmeter, digital storage 
CRO, transient recorder and spectrum 
analyser. All in a very small box pow- 
ered off a parallel port. DOS and Win- 
dows software provided. Ph/Fax (03) 
9338-3306. 

email: nollet@mail.enternet.com.au 
http://people.enternet.com.au/~nollet 


LOGIC ANALYSER 100Ms/s 32-Chan- 
nel Kit $1275. Stand alone, not a plug 
in PC Card. Requires a VGA or EGA 
monitor - user supplied. Edge and Level 
Triggering. Multiple Triggering Modes 
such as, Trigger on pulse width too 
long or too short, Clock Stop, User 
Defined Storing, 2 Level Sequencer. 
Request brochure from: Peter Baxter, 
Tantau Australia, PO Box 1232, Lane 
Cove 1595, Sydney. Ph: 02 9878 4715 
Fax: 02 9888 7679 

Email: peter.baxter@tantau.com.au. 
All manuals on the website: 
www:tantau.com.au. Revised, no pro- 
totype area, “8051 Proto-Board” EA 
Feb 93. $30. 


AMATEUR, CB RADIO & other Con- 
sumer Electronics Trading Centre can 
be found at www.mackay.net.au/-ajl 


Need prototype PC boards? 


We have the solutions — we print electronics! 
Four-day turnaround, ess if urgent; Artwork from your own 
positive oF 

29 years ter 


Through hole plating; Prompt postal service: 
experience; Inexpensive: Superb cuaity 
Printed Electronics, 12A Aristoc Rd, 
Glen Waverley, Vie 3150. 
Phone: (03) 9545 3722; Fax: (03) 9545 3561 
Call Mike Lynch and check us out! 
We are the best for low cost, smal runs, 


PO Box 314 Blackwood S.A. 
Phlfax 08 82703175 


KITS- R-U 


SPECIAL STEAM 
BOAT KITS $14 


fay ENIN. cia cards OK. chcuts auppled, 


ROBOTIC KITS and interface units for 
computers. See silicon chip May 98 editorial 
or see web for pictures and free software: 


http://www L.tpgi.com.au/users/p8king/ 
PROCON TECHNOLOGY 


Ph: (03) 98075660 Fax: (03) 98078220 
email: procon@itpgi.com.au_Kits from $295 


ELECTRONIC ENGINEERING SO- 
LUTIONS: No matter what problem 
what industry we will find you a solu- 
tion that meets your needs. Specialis- 
ing in schematic & PCB design, cus- 
tom Windows based software, embed- 
ded control, Windows/PC based test 
equipment, turnkey solutions. Fast turn 
around with competitive rates. DAMUE 
PTY LTD, 46 Whitby Road, Kings 
Langley NSW 2147. Phone (02) 9624 
2802. Fax (02) 9624 2651 or E-mail 
alovell@ibm.net 


A NEW address for Acetronics 
http://www.acetronics.com.au 
On-line PCB quotes, free software, 
DIY PCB supplies plus many other 
items & services. 02 9743 9235. 


KIT ASSEMBLY 


ANY KITS ASSEMBLED: profes- 
sional, speedy service. Phone Neville 
Walker (07) 3857 2752. 


KITS ASSEMBLED: $20/h, max. fee 
$60. Phone Russell Griffiths (03) 
5486 5410. RMB 3170 Rochester Vic. 
3561. 
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14 Model Railway Projects 


MODEL 
RAILWAY 


Our stocks of this book are now lim- 
ited. All we have left are newsagents’ 
returns which means that they may be 
slightly shop soiled or have minor cover 
blemishes. Otherwise, they're undam- 
aged and in good condition. 


SPECIAL CLEARANCE PRICE: 
$3.95 + $3 P&P (Aust. & NZ) 


This book will not be reprinted 


Yes! Please send me Copies of 14 Model Railway Projects at the special 
price of $A3.95 + $A3 p&p (p&p outside Aust. & NZ SA6). Enclosed is my 
cheque/money order for SA or please debit my 


( Bankcard O Visa Card 


C] MasterCard 


Card No. 


Signature. Card expiry date. 


Name 


PLEASE PRINT 
Street 


Suburb/town. Postcode. 


Send your order to: SILICON CHIP, PO Box 139, Collaroy, NSW 2097; or fax your 
order to (02) 9979 6503; or ring (02) 9979 5644 and quote your credit card 
number (Bankcard, Visa Card or MasterCard). 


SYDNEY $ 
4 oUTDOOR 


HELP SAVE THE NIGHT SKY! 


We are losing our heritage of starry night skies. Poor, inefficient Piesne. 
outdoor lighting is causing glare and “light pollution”. This wastes Ezan 
energy and increases greenhouse gas emissions. 
You can help by joining SYDNEY OUTDOOR LIGHTING IMPROVE- d 
MENT SOCIETY (SOLIS). SOLIS aims to educate and inform about 

quality outdoor lighting and its benefits. We also lobby councils, 
government and other bodies to promote good lighting practice. SOLIS meet- 
ings are held third Monday night of each month at Sydney Observatory. 


Individual membership is $20 pa. Donations are also welcome. Cheques 
payable to “SOLIS c/- NSAS”, PO Box 214, West Ryde 2114. 


Email: tpeters @pip.elm.mq.edu.au 


SILICON CHIP 


Advertising Index 
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Computronics ... 
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ser . IFC,OBC,12-15 
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3 


s. 95. 
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Procon Technology 


Quest Electronics...... 


Scan Audio ... 


Silicon Chip Bookshop .... 
Silicon Chip Subscriptions ....... 21 
Silicon Chip Wallchart ..... 


Solis ..... 


Taig Machinery . 
Truscott’'s Electronic World........ 59 


Valve Electronics ... 


Zoom EFI Special . 


PC Boards 


Printed circuit boards for SILICON 
CHIP projects are made by: 


e RCS Radio Pty Ltd, 651 Forest 
Rd, Bexley, NSW 2207. Phone (02) 
9587 3491. 


e Marday Services, PO Box 19-189, 
Avondale, Auckland, NZ. Phone 
(09) 828 5730. 


Circuit Ideas Wanted 


If you have a good circuit idea, 
sketch it out, write a brief de- 


scription & send it to us for pub- 
lication in Circuit Notebook, We 
pay up to $60 for a good circuit 
but don't make it too big please. 


MORE FROM YOUR 


Own an EFI car? 
Want to get the 
best from it? 
ou'll find all you” 
need to know in. 


Hot off the press: a valuable collection of the best EFI features from the past two years of 
ZOOM magazine- with all the tricks of the trade — and tricks the trade doesn't know! 
Plus loads of do-it-yourself information to save you real $$$$ as well... 


HERE ARE JUST SOME OF THE CONTENTS . . . 


@ Making Your EFI Car Go Harder m Building A Mixture Meter m D-I-Y Head Jobs 
m Fault Finding EFI Systems ™ $70 Boost Control For 23% More Grunt 
@ All About Engine Management ™ Modifying Engine Management Systems 
@ Water/Air Intercooling @ How To Use A Multimeter @ Wiring An Engine Transplant 
@ And Much More including some Awesome Engines! 


AVAILABLE DIRECT FROM pares CHIP PUBLICATIONS 
i PO BOX 139, COLLAROY NSW 2097 - $3. =e 
To order your copy, call (02) 9979 5644 9-5 Mon- Zhe with your credit card details! [E7 


FROM THE PUBLISHERS OF “SILICON CHIP” 


Where do you GO for 


T2 Electrical Tester 
There are no settings on this 
voltage and continuity tester. 
Simply probe a circuit to see 
whether you're looking at AC 
volts, DC volts, or an open circuit, 
You don't even have to turn it on 
or off! Designed to work long and 
hard, this voltage and continuity 


With heavy duty 
construction for 
tester is a new release from Fluke. 


industrial use and 
ee $99 troubleshooting forklifts, 
FLUKE all-terrain vehicles and 
UPS. With shielded 
silicon rubber cable to 
withstand high- 
temperatures, 400A AC 
and DC current range. 


muke $385" NEW 


NEW GENERATION 
OF ACIDC FLUKE CLAMPS 


1-410 AC/DC 
Clamp Meter 


Three-in-one T5-600 
Electrical Tester 

The Fluke TS Electrical Tester lets 
you check voltage, continuity and 
current with one compact tool. All 
you do is select volts, ohms or 
current and the tester does the 
rest. Openjaw current lets you 
check current up to 100A without 
breaking the circuit, 


Hue S199 


787 Digital 


Process Meter 

Rugged and reliable, this latest 
version of the 80 Series Digital 
Multimeter is optimised for use on 
20mA current loop systems. 
Features display backlight for 
lowlight conditions. 


"31099" 


FLUKE 


1-1010 AC/DC 
Clamp Meter 


Advanced performance, 
noise immunity and 
durability. Ideal for 
industrial use with 
shielding and filtering 
circuitry for use in 
electrically noisy 
environments. AC 
current range: 600A AC. 
DC current range: 
1000A DC. 


muce 9659" NEW 


“These products available only through Direct Link 
or the Dick Smith Electronics PowerHouse stores 


a rel Pea Rated PHONE: 1300 366 644 (Local Call Charge) FAX: 
aT MAIL: DICK SMITH ELECTRONICS, 

PO Box 321, North Ryde NSW 2113 ix 
Please add postage (up to Skg) to your order, as follow: 


e $4.00 Up To $50 © $7.50 $51 U; 100 oi 
daaa) DICKS SMITH 


That's where you go! 


